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and indicates trends when parameters are varied. Fighters, bombers, and cargo 
aircraft can be analyzed by the program. The program operates within 100,000 
octal units on the Control Data Corporation 6600 computer. Two stand-alone pro- 
grams operating within 100,000 octal units were also developed to provide 
optional data sources for SWEEP. These include (1) the flexible airloads 
program to assess the effects of flexibility on lifting surface airloads, and 
(2) the flutter optimization program to optimize the stiffness distribution 
required for lifting surface flutter prevention. 

The final report is composed of 11 volunes. TTiis volume (Volume XI) con- 
tains the methodology, program description, and user's information for the 
flexible loads stand-alone program. 
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PREFACE 

This report was prepared by Rockwell International Corporation, Los 
Angeles Aircraft Division, Los Angeles, California, under Contract 
F33615-71-C-1922, No. FX2826-71-01876/C093. The work was perfoiroed for the 
Deputy for Development Planning, Air Force System Canmand, Wright-Patterson 
Air Force Base, Ohio, and extended from September 1971 to June 1974. 

Eugene L. Bahns, ASD/XRHD, was the Air Force program manager. Leonard 
Ascani was the program manager for Rockwell International. Other Rockwell 
personnel contributing to the project included: 

G. Hayase - Mass Properties 
R. Hiyama - Mass Properties 
D. Qialoff  - Mass Properties 
C. Martindale - Mass Properties 
H. Rockwell - Mass Properties 
R. Allen - Mass Properties 
P. Wildernuth - Airloads 
G. Rothamer - Airloads 
T. Byar - Airloads 
S. Siegel - Structural Dynamics 
S, Mellin - Structure and Fatigue 
H. Haroldson - Thermodynamics 
D. Konishi - Advanced Conposites 
C. Hodson - Structural Dynamics 

The final report was published in 11 volumes; the complete list is as 
follows: 

Volume 

I "Executive Sunmary" 
II "Program Integration and Data Management Module" 
III "Airloads Estimation Module" 
IV "Material Properties, Structure Tenperature, Flutter, and Fatigue" 
V "Air Induction System and Landing Gear Modules" 
VI "Wing and Empennage Module" 
VII "Fuselage Module" 
VIII "Progranmer's Manual" 
IX "User's Manual" 
X "Flutter Optimization Stand-Alone Program" 
XI "Flexible Airloads Stand-Alone Program" 
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reference line 

UT(I) Average running unit torsional moment about load 
reference line for strip I 

UT^ Running unit torsional moment about load reference 
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^^SOB ^^ nor,nalize^ exposed wing rigid load due to flap 
deflection (- USZW(B)N for N-2), lb 

Vp Equivalent airspeed, knots 
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W Airplane gross weight, lb 
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Wj-p Exposed wing panel weight, lb 

X Distance measured along a line paralled to airplane 
X-axis or fuselage reference line, in. 

x Chordwise location of wing structure influence 
coefficient point where deflection is calculated 
(see Figure 3), in. 

(X/C) Center of pressure location in fraction of chord 

CX/C)^ Center of pressure location in fraction of local 
chord for lift due to angle of attack 

(X/C)p Center of pressure location in fraction of local 
chord for rigid lift due to wing flap deflection 

XBWCB) Fuselage station of center of pressure of exposed 
wing airload, in. 

XBBCW) Fuselage station of center of pressure of wing 
carry-over airload on body, in. 

XBH Fuselage station of center of pressure of 
horizontal tail airload, including carry-over 
load, in. 

XBV Fuselage station of center of pressure of vertical 
tail airload, including carry-over load, in. 
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AXA Distance aft of load reference line measured normal 
to load reference line (see Figure 3), in. 

(X/C) _ Location of aft influence coefficient points in 
AhI fraction of chord (see Figure 3) 

^X/,c^Fwn Location of forward influence coefficient points in 
fraction of chord (see Figure 3) 

(X/C) Location of center of gravity at wing strip weight 
in fraction of wing strip mean chord (see Figure 2) 

Xfc Fuselage station of loading edge of wing local 
chord, in. 

XCG Fuselage station of airplane center of gravity, in. 

Xj, or XBN Fuselage station of center of pressure of body 
nose load, in. 

X0 Fuselage station of body nose station, in. 

^w or \IP Riselage station of theoretical wing root chord 
^  m leading edge, in. 

XRh or ^HE Fuselage station of theoretical horizontal tail 
root chord leading edge, in. 

XJM. or X^p Fuselage station of theoretical vertical tail root 
chord leading edge, in. 

XW1 Fuselage station of center of pressure of flexible 
wing airload, including carry-over load, due to 
angle of attack, in. 

XW2 Fuselage station of center of pressure of rigid 
wing airload, including carry-over load, due to 
flap deflection, in. 

XW3 Fuselage station of center of pressure of incre- 
mental flexible wing airload, including carry-over 
load, due to flap deflection, in. 
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XW4 Fuselage station of center of pressure of flexible 
wing airload, including carry-over load, due to 
vertical acceleration, in. 

y Spanwise location of wing structural influence 
coefficient point where deflection is calculated 
(see Figure 3), measured along elastic axis, in. 

Yp, Spanwise station (butt line) of inboard end of 
wing flap, in. 

YpQ Spanwise station (butt line) of outboard end of 
wing flap, in. 

YBI' YBS' YBW or YBH   Spanwise station (butt line) of wing-body or 
horizontal tail-body interface station, in. 

^WfElN Spanwise station (butt line) of center of pressure 
of exposed wing airload due to distribution N, in. 

YA Spanwise station along load reference line measured 
from intersection of load reference line and plane 
of symmetry, in. 

YBW(B) Spanwise station (butt line) of center of pressure 
of exposed wing airload, in. 

YBH or YH Spanwise station (butt line) of center of pressure 
of horizontal airload, including carry-over load, 
in. 

Z-j Z-distance from vertical tail theoretical root 
chord to vertical tail-body interface station, in. 

ZA Distance along vertical tail load reference line 
measure from intersection of load reference line 
and theoretical vertical tail root chord plane, in. 

ZBV Z-distance from theoretical vertical tail root 
chord to center of pressure of vertical tail 
airload, in. 

19 



a Angle of attack, radians 

»LOAD Load due to angle of attack 

r Vortex strength, (C C ) V/2 

n Mondimensional span station, Y(b/2) 

n.I) Nondimensional span station at center of wing 
strip, I 

n Distance along wing elastic axis fron plane of 
symmetry to influence coefficient point at which 
unit load is applied (see Figure 3), in. 

Ac* Sweep angle of wing elastic axis (see Figure 3), deg 

A Sweep angle of leading edge, deg 

AR Sweep angle of load reference line, deg 

X, Taper ratio of theoretical lifting surface 

~\ Spanwise distance along wing elastic axis measured 
from plane of symmetry (see Figure 3), in. 

^ Airplane mass ratio, 2(W/S3 T (Pj: CAV CLoWp) 

P Air density, slug/ft 

4 Chordwise location of structural influence 
coefficient at which unit load is applied (see 
Figure 3), in. 
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Section I 

INTRODUCTION 

During accelerated flight conditions at high speeds, the deflections of 
the lifting surface structure tend to redistribute the airloads. The result- 
ing airload distribution car* be considerably different from that computed on 
the assumption of complete rigidity. The redistribution results from the 
change in strearawise angle-of-attack along the span caused by the torsional 
and bending deflections. For a given mach number, iho greater the dynamic 
pressure, the greater will be the load redistribution. 

The airloads module in the SWEEP program does not include the effects of 
aeroelasticity; i.e., the changes in airload distributions due to structural 
deflections. A significant refinement is obtained by including the added 
effects on loads caused by wing structural flexibility. This is accomplished 
by the use of the stand-alone flexible airloads program described herein. 
Methods and formulation employed in the stand-alone program are presented in 
Section II. The computer program description and program usage information 
are presented in Sections III and IV, respectively. 

The stand-alone program requires a substantial amount of external input 
data. These data consist of (1) airplane geometry data identical to that 
used by the airloads module (BLCNTL) in the SWEEP program, (2) the wing El 
and GJ distribution and elastic axis location, and (3) the specific flight 
condition case data. The specific flight condition case data include type 
of flight condition (balanced maneuver, vertical or lateral gust, and pitch- 
ing or yawing acceleration), mach number and altitude combinations, limit 
maneuver load factors, pitching and yawing accelerations, airplane weight and 
CG location, and estimated wing weight distribution. The program calculates 
the airload and center-of-pressure location for each airplane component and 
the airload shear, bending moment, and torsion distribution on the wing and 
empennage surfaces, all for the specified flight condition case. 
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Section II 

MEITODS AND FORMULATION 

FLEXIBLE AIRLOADS PROGRAM FUNCTIONS 

The objective of the flexible airloads stand-alone program, BFCNTL, is 
to detemine the airloads on the airplane components, including the effects 
of wing flexibility. These loads are detexmined for a specific flight condi- 
tion case and are used as an optional external ii;put to the SWEEP program. 
The methods employed are described in the order that the subroutines USPANF, 
BNLDSF, and SPAEMF are used in the stand-alone program. 

Subroutine USPANF is used to determine the lifting surface unit airload 
shears, moments, centers of pressure, and lift curve slopes, all for a 
specified mach lumber and altitude. For the empennage (horizontal and 
vertical tail) surfaces, the methods described in Volume III, Section II are 
used. However, for the wing, the methods are revised to include the effects 
of wing flexibility. 

Subroutine BNLDSF is used to determine gross limit airload and center of 
pressure on each of the airplane components and the airplane inertia factors 
for specified flight conditions. The methods are revised to include effects 
of wing flexibility. 

Subroutine SPAINF is used to determine Limit airload shear, bending 
moment, and torsion distributions on the lifting surfaces for a specific 
flight condition. For the empennage surfaces, the methods described in 
Volume III, Section II, are used. However, for the wing, the methods are 
revised to include the effects of wing flexibility. 

BASIC FLIGHT CONDITIONS 

The flexible airload stand-alone program is designed to calculate 
airplane structural component airloads for a specific flight condition case. 
The specific flight condition case is defined by the types of condition 
(maneuver or gust), mach No., altitude, gross weight, eg position, and wing 
weight distribution. Cases from which a specific case can be selected are 
shown in Figure 1. It is noted that a specific case may consist of more 
than one type of condition and at more than one altitude. Cases available 
are similar to those in the SWEEP program (Volume III, Section II), except 
that additional altitudes are provided because effects of flexibility vary 
with dynamic pressure at a given mach number. 
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Condition case No. 1 through 7 and 10 and 11 cover the basic flight 
conditions with wing flaps retracted. Condition case No. 8 is a limit load 
factor maneuver condition with wing flaps down. Condition case No. 9 is a 
1.0 g flaps-down trunmed condition for use with landing conditions. 

DETERMINATION OF ! IFTING SURFACE UNIT AIRLOADS 

Methods of analysis used to develop lifting surface unit airload distri- 
bution, surface lift curve slopes, and surface airload centers of pressure 
are presented in this section. Unit airloads are defined, and basic data 
used for the determination of the surface unit airloads are also presented. 

Unit airload shears and moments are determined at 13 selected spanwise 
stations along the selected load reference line, including root and tip 
stations. Unit airload shear and moments at the surface-body interface 
station are determined in the unswept (body axes) system. Overall centers 
of pressure locations of the exposed panel and body carry-over loads are 
determined with respect to the theoretical surface apex. 

DEFINITION OF UNIT AIRLOADS 

The wing unit airload distributions are defined in the following 
paragraphs. 

Unit Rigid Lift Due to Angle of Attack 

Unit rigid lift due t'> angle of attack is the airload distribution due to 
angle of attack for a rigid lifting surface load of 1 pound per side or panel 
at a specific mach number. 

Unit Flexible Wing Lift Due to Angle of Attack 

The unit flexible wing lift due to angle of attack is the net airload 
distribution due to angle of attack for the flexible wing surface, and is 
normalized to a wing load of 1.0 pound per side at a specific combination of 
mach number and dynamic pressure. The net airload distribution includes the 
combination of the rigid and the aeroelastic increment. 
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Unit Rigid Lift Due to Wing Flap Deflection 

Unit rigid lift due to wing flap deflection is the airload distribution 
due to flap deflection for a rigid wing surface load of 1 pound per side. 

Unit Incremental Flexible Lift Due to Wing Flap Deflection 

Unit incremental flexible lift due to wing flap deflection is the 
incremental flexible airload distribution due to the application of the rigid 
airload distribution due to wing flap deflection, and is normalized to 
1 pound per side at a specific combination of mach number and dynamic 
pressure. 

Unit Rigid Load Due to Vertical Acceleration 

Unit rigid load due to vertical acceleration is the wing weight dis- 
tribution normalized to an exposed wingload of -1 pound per side. 

Unit Flexible Wing Lift Due to Vertical Acceleration 

Unit flexible wing lift due to vertical acceleration is the incre- 
mental flexible airload distribution due to the application of the wing 
weight distribution, and is normalized to 1 pound per side at a specific 
combination of mach number and dynamic pressure. 

BASIC DATA FOR UNIT AIRLOAD DETERMINATION 

The basic data required for unit ai.loads include all of the lifting 
surface aerodynamic and geometry data described in Volume III, Section II, 
and the following wing data: 

1. Exposed wing panel weight distribution consisting of weight and 
CG for each of 10 equally spaced chordwise strips, as shown in 
Figure 2. CG is in terms of X/C of the strip mean chord. 

2. Sweep angle of the wing elastic axis, A^i and the fuselage station 
of the wing elastic axis at the centerline of symnetry, 
FS-. ■ 0, are shown in Figure 3. 
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Figure 2.    Wing chordwise strips and centers of pressure. 

26 



Figure 3. Wing diagram for flexible load analysis. 
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3. The variation of the exposed wing stiffness parameters, El and GI, 
with span station, y. , along the elastic axis. 

WING UNIT AIRLOAD DISTOIBUTIONS 

The general procedure for the calculation of unit flexible wingload 
data consists of the following steps: 

1. Detemination of unit rigid loads and centers of pressure (CP's) on 
10 equal-span chordwise strips between the side of the body and wing- 
tip, and on the strip between the side of the body and airplane 
centerline of symnetry. 

2. Determination of win# rigid lift-curve slope. 

3. Determination of unit flexible airloads, unit incremental flexible 
airloads, and CP's on each strip, and wing flexible-to-rigid load 
ratios. 

4. Determination of wing flexible lift curve slope. 

5. Determination of wing unit flexible shear, bending moment, and 
torsion along the reference line at the span stations specified for 
weight analysis. 

Wing Unit Rigid Airload Due to Angle of Attack 

Wing unit rigid loadings, rigid lift curve slope, and CP's are 
determined as follows. 

The wing platform is divided into 10 equal-span chordwise strips 
between the side of the body station, iw, aid wingtip station, n ■ 1.0, and 
one strip between TIBS and the airplane centerline station, i » 0, as shown 
in Figure 3. 

For subsonic speeds (M<1.0), calculate compressibility factor, B: 

B - (1 - M2)172 (1) 
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and aspect ratio parameter, BA/K: 

BA/K » A • (B/K) (2) 

where B/K is obtained by interpolation of B/K versus M data in Figure 4 
of Volume III, Section II. 

Calculate compressible sweep parameter, A^: 

Aß-Arctanji[tanALE-i (KT) (3) 

Usin^ parameters AB, BA/K,  and \, interpolate C|C/CL C^y data in 
Table 1 of Volume III, Section II, to obtain initial C|C/CL C^y values at 
the selected r\ stations, and integrate to obtain initial unit load on each 
strip; i.e.. 

V) INBD 

APocn 7        k^r (4) 

Suimate strip loads to obtain initial total wingload, P^. MO 

11 

PW0  "     1   APo(I) & 
I = 1 

Arbitrarily change carry-over strip No. 11 load, APQ CH)» to one-lialf 
initial value to allow for lift loss due to body interference; i.e., 

AP1  (11)    » AP0 (ll)/2 (6) 

Sum strip loads to obtain a new total wing load: 

10 

P^    -    APj  (11) *    ^     APo(I) (7) 

I - 1 
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The unit rigid strip loads are then obtained by normalizing a total wing 
rigid unit load of 1 per side: 

For strip 11, 

and for strips 1 through 10, 

Using parameters Ag, BA/K, and X,, interpolate BCj^K data in 
Table 2 of Volume III, Section II, to obtain BC./K value. 

The initial lift curve slope, C. .,,., is then. 

■ 

B ■ (M2- „1/2 

an ■ 
»««ALE 

BA 3 B-A w 

CUW0   '   57.3 (BC^IO/CB/K). per ralian (10) 

and the wing rigid lift curve slope is then, 

S^R   -   £)C1^0>Perradi»n »" 

For supersonic speeds (M > 1.0), calculate the compressibility 
factors: 

(12) 

(13) 

(14) 

Using M, ftn, and \, interpolate (2r/Vffb) in Table 3 of 
Volune III, Section II, at selected n stations, and integrate to obtain 
initial load on each strip; i.e.. 
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APo(I) -|'n^0UTBD(2r/Vab)dr1 

(1) INDB 

Sumnate strip loads to obtain initial total wingload, Pwn, 

WO 1 "o<4^) 
I - 1 

(15) 

(16) 

The initial value of wing lift curve slope is then: 

f s   A«P 
LoYiO m 

Arbitrarily change carry-over strip 11 load AP_(11) to one-half 
initial value to allow for lift loss due to body interference; i.e., 

APjCll)    -  AP0(ll)/2 

Sum strip loads to obtain a new total wingload: 

10 

pwi = *pi(11) + I   APo(I) + s 
La 

I ■ 1 

(17) 

(18) 

(19) 

Wing unit rigid strip loads are then obtained by normalizing to 
give a total wing rigid mvt load of 1 per side. 

and for strips 1 through 10 

(20) 

(21) 
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Wing rigid lift curve slope is then: 

The colunn matrix of unit rigid strip loads due to angle of attack, 

^•^ ■ APRa(I) (23) 

«linrt 

I - 1 through 10 

and APR is from equation 9 or 21. 

CP's of unit rigid strip loads due to angle of attack are obtained 
as follows: 

* For strips 1 through 10, the CP is at an X/C value based on the 
mean chord of the strip. The (X/C)a value is obtained from the 
(X/C)WING versu5 mach number plot in Figure 5 of Volume III, 
Section II. 

* For strip 11, the CP is assumed to be at the same fuselage station 
as the CP of strip 1. 

The colunn matrix of the CP's, AFWCP (1,1), for strip loads due to 
angle of attack is as follows: 

AFW:P (1,1) - (X/C)a(I) (24) 

where 

I - 1 through 10 

Wing Unit Rigid Airload Due to Wing Flap Deflection 

Wing unit rigid strip loadings and CP's are determined as follows. 
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Calculate wing span ratios for outboard and inboard ends of flap, 

bpQ/b   =   Yro/b/2 (25) 

bFI/b   =   YFI/b/2 (26) 

Using parameters bj^/b and bpj/b, interpolate CjC/CL^^y data in 
Table   3    of Volume III, Section II, at selected n values for h^Jh and 
bp./b flap span ratios. 

Calculate initial span loading parameter due to flap deflection 
at selected n stations, 

^CiC/CLaCAv)    '    (CiC/CLaCAv)h ' (CiC/CUCAV) K ^27) 
DK)/b DFI/b 

and integrate to obtain initial load of each of the strips. 

11 (I) OUTBD 
^Pro (I)    - / C^C/C^C^) dn (28) 

1(1)  INBD 

Summate strip loads to obtain flap span normalizirg parameter. 

11 

SF   ■      1   APF0 (I) W 
I = 1 

Unit rigid strip loads due to flap deflection are then, 

AVV   ■   y± ■ *PKm (30) 

The column matrix of unit rigid strip loads for the lift due to 
flap deflection, AFW (1,2), is as follows: 

AFW(I,2) = AP^d) (31) 
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where 

I - 1 through 10 

CP's of unit rigid strip loads due to flap deflection are obtained as 
follows: 

* For strips 1 through 10, the CP is at an X/C value based on the mean 
chord of the strip. The (X/C)p value is obtained from the (X/C)p 
versus (Cf/Cy,) data in Figure 6 of Volume III, Section II. 

* For strip 11, the CP is assumed to be at the same fuselage station 
as for strip 1. 

The column matrix of CP's for unit rigid strip loads due to ilap 
deflection, AFWCP (1,2), is then: 

AFWCP (1,2) - (X/C)F (I) (32) 

where 

I ■ 1 through 10 

Wing Unit Rigid Load Due to Vertical Acceleration 

Uhit rigid strip loads due to vertical acceleration consist of the 
weight of the strip normalized to an exposed wing load of -1 pound per 
side; i.e., 

^■»W ■ ••ii^-WS(" <»> 

where 

and 

W (I) - strip weight 

10 

WWDP "  S  WS & W 
I - 1 
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The colunn matrix of the rigid strip loads due vertical acceleration, 
AFW (1.3) is then: 

AFW (1.3)   - AP^  (I) (35) 

where 

I   -   1 through 10 

CP's of rigid strip loads,  (X/C)w , are based on the mean chord of the 
strip, as shown in Figure 2.    The column matrix of the CP's, AFWCP (1,3), 
is then: 

AFVCP (1,3)    -    (X/C)w   (I) (36) 
WS 

where 

I    -   1 through 10 

Wing Flexible Airload Distributions 

The methods used to calculate the redistributed wing airloads caused 
by the wing torsional and bending deflections are based on strip theory. 
Redistributed wing loads include the effects of the wing deflections 
resulting from (1) lift due to angle of attack, (2) lift due to flap 
deflection, and (3) inertia load due to vertical acceleration. 
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Wing Structural Influence Coefficients 

For the static aeroelastic analysis, the exposed semispan of the wing 
is divided into 10 evenly spaced strips, as shown in Figure 3. TVro struc- 
tural influence coefficient points are placed on the centerline of each 
strip, one at X/C forward and one at X/C aft. The values of fuselage 
stations (PS) and the butt line (BL) for the points on strip I are formed 
as follows: 

/b/2 ' BLBS\ BL - BLjjg + (21-1)^  20  ^ (37) 

^E " FSLE ROOT + BL ' tanALE . &•) 

(39) 

(40) 

^i      ^      ^ (41) 

where 

and 

c " SOOT [l   b/2 (1 "A) 

FS
FM) " [Wm C] + XI£ 

FSAFr- cx/o^ C]+XLE 

(X/O^ - 0.15 

(x/c)AFr - 0.65. 

The coordinates are then converted into the swept elastic axis system 
(Figure 3). 

x - (FS - FS^Q) cosA^ - BL ' sinA^ (42) 

y - (FS - FSg^Q) sinA^ + BL • cosA^ (43) 

NOTE The elastic axis does not have to be a constant-percent chord line. 
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Elements of the SIC matrix are formed using the following equation: 

A _ 
;. y; {. ") "   /    ^L sic 6i, ?. t. ü) -   /    C-y "^ ax * 

x 4    /      ~d \ (44) 
'o 

Each element of the SIC matrix represents the deflection al: x, y due 
to a 1-pound vertical load at |, 4. The preceding equation is integrated 
to form the upper right triangle of the SIC matrix. In this process of 
integration, the value of y sometimes exceeds IJ.    In that case, the upper 
limit of integration is changed to f. The other half of the SIC matrix is 
formed by symmetry. 

SIC^ - SIC^ (45) 

_^_   For the static aeroelastic analysis, a matrix of streamwise slopes, 
SIC, is required. This matrix is formed by premuldplying the SIC matrix 
by a differential operator matrix called D0 , which is formed from the 
structural influence point geometry. The elements of D0 are formed as 
follows, where I goes from 1 through 10. 

The SIC matrix is then formed as: 

[slcj   -[uflj   ^Sic] (48) 
10,20    10,20   20,20 
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Wing Aerolastic Distributions 

General Method. For each load effect, the total flexible wing load 
distribution is: 

I'-l-l PRIGID I + I P A FLEX C49) 

Where the incremental aeroelastic load distribution is related to the 
flexible load: 

AFLEX ■4A] M IPF^) C50) 

In this simplified solution, the aerodynamic load matrix, A, is defined 
as a diagonal matrix formed from the a distribution load on each chordwise 
strip. 

[A] • [a LOAD] (51) 

The equation for the aeroelastic solution is then formed as: 

FLEX 
P
RIGID] 

+ ^ [«H M ( PFLEX 

Transpose and factor out P, FLEX" 

(52) 

| I I - q LLQAD] [siC PFLEX t ' 1 PRIGID (53) 
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Let 

IDI " I I J " q  aL0ADI I512! (54) 

then, 

HI PFLEX I " i PRIGID (55) 

Formulation for Flexible Airloads Program.    The rigid loads distribution, 
AFW, for  o,    6 FLAP, and WEICHT, are distributed to the SIC points by 
simply beaming the load on each strip, using the corresponding chordwise 
centers of pressure, AFWCP. 

where 

and 

RLQADS(2I-1,J) - AFW(I,J) 
AFWCP(I,J) -  (X/C) AFT 

CX/C)FWD -  WVpFT 

RLQADS(2I, J) - AFW(I,J) 
-AFWCP(I,J) ♦  (X/C)^ 

(x/c)FWD - (VC)^ 

I - 1 through 10 

J = 1 a load 

J » 2   öF load 

J = 3 weight 

(56) 

(57) 

Define C as: 

C'CLq    2 
^ (58) 
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The D-matrix is then formed a column at a time, using colunn 1 of the 
RLQADS matrix; i.e., the a load distribution and the 3TC matrix.   The colunn 
K goes 1 through 20. 

D(2I-1,K) - -C * RLCIADSC2I-1,1)  ' SICBAR(I,K) (59) 

0(21,10 - -C ' RLQADS(2I,1)  • SICBAR(I,K) (60) 

where 

I • 1 through 10 

The D-matrix is completed by adding 1.0 to each diagonal element. 

D(K,K) - 1.0 + D(K.K) 

The static aeroelastic equation to be solved is then: 

[■ ["(FLEXIBLE)]    f (RIGID)] f,u 
[    FLQADS J    [RLQADS J IOXJ 

20,20        20,3       20,3 

This equation is solved for the flexible loads a column at a time, using 
a general least-squares technique.   This technique is used because it is very 
fast and will work with even a poorly conditioned matrix.    This method gives 
the solution to a system of linear equations Bx « C, where B is an N x M 
matrix with N > M, and C is a column vector of dimension N.    In the over- 
determined case, a least-squares solution is obtained. 

The method finds an N x N matrix R such that R is orthogonal (i.e., 
RTR»I) and 

(Td\ R(B,C) =[ 0   a I 
\0   o/ 

where T is an M x M triangular matrix and d is an M-dimensional column vector. 
The number a is the square root of the sum of the squares of the residuals. 
Solution of the problem is then the solution of Tx=d, and is found by back 
substitution. 
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Once flexible loads at the SIC points have been determined, flexible 
loads on the strips, AFWF, are formed by a simple sunmation; the delta 
flexible loads, AFWDF, are fomed by subtracting rigid loads from flexible 
loads. 

AFWF(I,J) - FL0ADS(2I-1,J) + FLQADS(2I,J) (62) 

AFWDF(I,J) - AFWF(I,J) - AFW(I,J) C63) 

vhere 

I - 1 through 10 

The total sunned rigid loads, flexible loads, delta flexible loads, and 
flexible-to-rigid load ratios are: 

10 

Rigid      F(J,1) - £ AFW(I,J) (64) 

1-1 

10 

Flexible    F(J,2) - £ AFWF(I,J) (65) 

M 

A Flexible   F(J,3) - F(J,2) - F(J,1) (66) 

F 
R 

F(J'4' - W w 
Because the rigid load distribution on the strips is used for delta 

flexible loads, the chordwise CP on each load strip is the same for the 
delta flexible loads as it is for the rigid a  load. 
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The wing flexible lift curve slope is determined as follows: 

CL aWF ' CL aWR 

10 

APa (11) ♦ £ AFWF (1,1) 

1-1 
10 

APa (11) ♦ J AFW (1,1) 
1-1 

(68) 

where APa (11) is from equation 8 or 20, AFWF (1,1) is the column matrix 
of flexible strip loads due to angle of attack, and AFW(I,1) is the column 
matrix of rigid strip loads due to angle of attack from equation 23. 

Wing Unit Shears and Moments 

Wing unit airload shears and moments for the flexible wing are developed 
using the column matrices of strip loads and CP's. The average unit running 
normal loading on a strip is the strip load (AF(I) divided by the strip 
width, and the running torsional moment is the running normal loading times 
the normal distance from strip CP to the selected load reference line for 
weight analysis. The average rururng normal loading and running torsional 
moment are applied at TJ station for the midspan at the strip. 

Running loadings on the exposed wing along the load reference line are 
as follows (where TJ (I) is the TJ station at the midspan of the strip I, 
UL(I) is the unit running normal loading at station TJ(I), and UT(I) is 
the unit running torsional moment at station »1(1)): 

ri(I) - TJ_- ♦ 0.05 (1 -Tjn<:) ♦ 0.1 (I - 1) (1 -tj..) BS BS^ BSJ 

UL(I) 

■0.05 ♦ 1.05 BS ♦ (1 -rjBS) 1/10 

AF (I) 
ÖXTPIT^- 

ITO) • -AXA(I) • UL(I) 

(69) 

(70) 

(71) 
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The term AXA (I) is the normal distance from the load reference line to 
the local CP and is determined, using the methods of Volume III, Section II, 
as follows: 

AXACD - CACI) [(XA/C^Q, -  CXA/CA)R] (72) 

where 

[1 +»»(1)  (1 -X)] CjjCosAp 
C A (I) . 2 R (73) 

l-KA[l-(X/C)R-(XA/CA)R] 

KA4(fn-) (sin**C0SA*) C74) 

(XA/CA)R - (X/C)R [l - KA (l - (X/C)R)] (75) 

CXA/CA)CP " WVCP I1 ■ KA i1 - CX^CP)] (76) 

Running unit normal loading inboard of the side of the body (*'< ipc) is 

assumed to be constant and is: 

UL,   - ^f C77) 

where AP(ll) is the unit airload on strip 11. 

Unit running torsional moment inboard of the body side about the load 
reference line at station n is: 

ITT,, - - AXAn • UL, (78) 

where AXAn is determined, as follows. 
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"*1 

(79) 

The CP is assumed to be at a constant fuselage station equal to the 
fuselage station of the CP at strip 1.   Then, vihan  n < n^» 

*XA*  " AXAn (i _ ^ +   (n (lml)- n)  (|) (sinAR) 

vihere   irr m i\  is from equation 69 

and AXA       is from equation 72 
" (I - 1) 

Unit running normal and torsional loadings for the specific type of 
distributions are obtained using the following strip load data: 

1. For flexible lift due to angle-of-attack distribution, use the 
following: 

a. In equation (70): AF(I) - AFWF(I,1) from equation 62 

b. In equation (76): (X/QQ, - AFWCP(I,1) from equation 24 

c. In equation (77): AP(ll) -APaRCH) from equation 8 or 20, 
depending on mach nunber 

2. For rigid lift due to flap deflection distribution, use the 
following: 

a. In equation (70): AF(I) - AFW(I,2) from equation 31 

b. In equation (76): (X/C)^, ■ AFWCP(I,2) from equation 32 

c. In equation (77): AP(ll) ■ APFR(11) from equation 30 

3. For incremental flexible lift due to flap deflection distribution, 
use the following: 

a. In equation (70): AF(I) «AFWDF(I,2) from equation 63 

b. In equation (76): (X/C)^ - AFWCP(I,1) from equation 24 

c. In equation (77): AP(ll) - 0 
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4. For incremental flexible lift due to vertical acceleration 
distribution, use the following: 

a. In equation (70): AF(I) - AFWDF(I,3) from equation 63 

b. In equation (76): (X/C)Cp - AFWCP(I,1) from equation 24 

c. In equation (77): AP(ll) ■ 0 

Wing unit shear and moments are calculated along the selected load 
reference line at the n stations selected for weight analysis and are 
normalized for a surface load of 1 pound per side. 

Unit span normal loading, UL, from equations 70 and 77, is integrated 
to obtain the unit shear values, USZN, at the selected n stations; i.e., 

USZN 
«US /" 

CULN)d, (80) 

where 

^2 
1.0 

/ 
(ULN)d, 

(81) 

Unit shear, USZ, is integrated to obtain the unit bending moment. 

UMXTO: 

UMXTN 2 cos A, 

1.0 

(USZN)d, (82) 
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Unit running torsional moment, UT, from equations 71 and 78, is 
integrated to obtain the unit torsional moment, UMYTN: 

1.0 

UMYTN - K„7 j (inN)dB (83) 

In equations 80 through 83, the N in ULN, USZN, UMXTO, UMYTN, and IHN 
is used to designate the type of distribution; i.e., 

N - 1 for flexible lift due to angle of attack 

N - 2 for rigid lift due to flap deflection 

N ■ 3 for incremental flexible lift due to flap deflection 

N ■ 4 for flexible lift due to vertical acceleration 

Wing unit airloads and CP's for each of the four types of airload 
distribution are determined as follows. 

Total wing unit airload per side, UPZWN, wing unit pitching moment per 
side, UMYWN, at the intersection of the wingload reference line and the A/P 
centerline; and CP of the wing unit airload, DXWN, measured aft from the 
theoretical wing apex, are as follows: 

UPZWN » CUSZN)^ B 0 « 1.0 (84) 

UMYWN - (UMYTN)n m Q cos AR - (UMXTN)^ m  0 sinAR (85) 

DXWN - CR(X/C)R - (UMYWN)/(UPZWN) (86) 

Exposed wing unit loads of the intersection of the wingload reference 
line and the body side in the body reference system are as follows: 

USZW(B)N - (USZN) T, 33 (87) 

UMXW(B)N - (UMXTN) „BS cosAR + (UMYTN) n BS sinAR (88) 

.UMYW(B)N - (UMYTN) „ BS cos AR -  (UMXTN) r, ^ sinAR (89) 
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NOTE   Also 

USZW(B)N 
(USZN) n BS 
CUSZN) n-o 

UPZWN 

DXW(B)N - C^CX/O, . Y^tanA, - Mf 

w^N-YBs+Si^ 

(90) 

(91) 

(92) 

Wing unit carry-over load on the body, UPZB(¥)N, and its CP, DXB(W)N, 
are determined as follows: 

UPZB(W)N - (USZN) n -0 - (USZN) „ gg 

UOTBOON - nMrm^.Q - UMYINUBS  COSAR - 

l^n-0-lMCIN''BS-^SZN'BS)(^) 

DXB(W)N - CR(X/C)R - ™fl$ 

sinAi 

(93) 

(94) 

(95) 

EMPENNAGE UNIT AIRLOAD DISIRIBUTICNS 

The unit airload distributions on the horizontal and vertical tail 
surfaces are determined using the methods described in Volume III, 
Section II. 
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OOMPONEOT LIMIT AIRLOADS 

Gross limit airloads on airplane components and airplane inertia factors 
are determined for specific types of flight conditions, using methods similar 
to those described in Volune III, Section II. Revisions are made to include 
the effects of wing flexibility, consisting of the following: 

1. Wing airload is divided into four parts: (1) flexible load due to 
angle of attack, (2) rigid load due to flap deflection, (3) incre- 
mental flexible load due to flap deflection, and (4) incremental 
flexible load due to vertical acceleration. 

2. Airplane balance equations are expanded to incorporate added wingload 
parts. 

3. Flexible wing lift curve slope is used to determine wing incremental 
gust load. 

BALANCED MANEUVER GONDITION 

The balanced maneuver condition is a flight condition where the aircraft 
is trimmed (balanced) by a horizontal tail or canard load. Incremental loads 
due to flap deflection are determined only for low subsonic conditions. 

Wing airloads consist of the following: 

PZW1 « Flexible lift due to angle of attack 

PZW2 - Rigid lift due to flap deflection 

PZW3 ■ Incremental flexible lift due to flap deflection 

PZW4 ■ Flexible lift due to vertical acceleration 

Their corresponding CP's in terms of fuselage station, are: 

XW1 - X^ + DXW1 (96) 

XW2 - Xj^ ♦ DXW2 (97) 

XW3 - xRW + DXW3 (98) 

XW4 - X^ + DXW4 (99) 
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DXWN values are obtained from equation (86) for each type of distribution. 

For a given mach No., dynamic pressure, load factor and flap deflection, 
wingloads are determined as follows: 

PZW1 is obtained from the balance equation (110) 

PZW2" slh "cr "BF CL<.m^ (1M) 

Where 

6 « flap deflection in degrees 

dC. Ab* 
L/ f 

KCF " dCL/da 

and is obtained by interpolation of the 

KQ, versus (CL/CJ data in Figure 6 of Volume III, Section II 

K-p is obtained from equation 29 

CLaWR " 0ktained from equation 11 

q ■ dynamic pressure, psf 

Sy, ■ theoretical wing area 

PZW3 - (PZW2) (USZW2)SjjB |^ - l.o] (101) 

Where (USZW2)S0B is the unit rigid wingload at the body side due to flap 

deflection and is obtained from equation 87. 

F/R ■ matrix element F(2,4) from equation 67 

PZW4 - 2.0 (Nz) (W^p) \~-  1.0 (102) 
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Where N- is the specified load factor and 

WW0P * exP0Sec* win8 weight per side 

F 
-jr ■ matrix elonent F(3,4) from equation 67 

Body nose load, P-j., is as defined as follows: 

PZN" «2.^^/144 

• 0.043633 o^q (103) 

Where % is the maximum nose radius (inches), a is the angle of attack 
and 

PZWl/q^ 

CLaWF 
(104) 

Where CL ^ is the flexible wing lift curve slope and is obtained from 
equation 68. 

Substituting equation 104 in 103: 

0.043633(PZW1) R^2 

PZN " — ^ WV s   r 
W \cM? 

CP of the body nose load is: 

t-y ™mXo      V .,2 1 (106) 

Horizontal tail load is PZH and is obtained from the balance equa- 
tion 111. CP of the horizontal tail is: 

XH = X^ + DXH (107) 
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Where XRH is the fuselage station of the leading edge of the horizontal 
tail theoretical root chord, DXH is the X-distance aft of the root chord lead- 
ing edge to the CP and is obtained from equation 50 in Volume III, Section II. 

Airplane balance equations, where Q ■ 0, are as follows: 

EMy - 0 

(PZW1) (XCG - XW1) ♦ (XCG - XN) 
(0.043633 RJJ2 \ 

Si CLaWF  / 

PZW2 (XCG - XW2) + PZW3 (XCG - XW3) + 

PZW4 (XCG - XW4) + PZH (XCG - XH) - 0 (108) 

ZP. 

PZW1 
(0.043633 M^\ 

+ PZW2 + PZW3 + 

PZW4 + PZH - N W « 0 (109) 

Solving equations 108 and 109 for PZW1 and PZH, 

PZW1 « 
(NZW)F - (PZW2)(C-F) - (PZW3)(D-F) - (PZW4) (E-F) 

_____ „_„ 

PZH - NZW - A(PZW1) - PZW2 - PZW3 - PZW4 

(110) 

(111) 

where 

0.043633 
A - 1 + 

^ 

V 
LaWF 

(112) 

B - (XCG - XW1) + (XCG - XN) 
(0.043633 Rj^ k 

^^aWF j 
(113) 
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C - (XCG - XW2) (114) 

D - (XCG - XW3) (115) 

E • (XCG - )W4) (116) 

F - (XCG - XH) (117) 

PZN - (A-l) PZW1 (118) 

PITCHING ACCELERATION CONDITION 

The pitching acceleration condition is an arbitrary condition where a 
specified value of pitching acceleration is caused by an incremental hori- 
zontal tailload and is superimposed on a balanced maneuver condition such that 
the resulting load factor is one-half the design limit positive maneuver load 
factor. 

The incremental horizontal tailload required to produce the specified 
pitching acceleration, 0» is: 

APZH--12xiri cii9) 

2 
Where, ly ■ airplane pitching moment of inertia, slug ft , and XH is 

obtainec1 from equation 107. 

The maneuver load factor, N_., is determined as follows: 

M  , NZL  APZH ri.n. NZM ' ^ r (120) 

Where N-. is the design limit maneuver load factor 

W * airplane weight 

Equations 96 through 118, with the following exceptions, are then used to 
determine the component loads: 

PZW4.-2.o(^)(WWp) [|-1.0] (121) 
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N_.F - (PW4)(E-F) 
VBa.Si     B_^  (122) 

PZH - N_.W - A(PZW1) - PZW4 ♦ APZH (123) 
ZN 

VERTICAL GUST CONDITION 

The vertical gust condition consists of a 150 fps vertical gust encounter 
superimposed on a l.Og trimmed condition. 

Equivalent airspeed (Vg), airplane mass ratio (|i), and the gust allevia- 
tion factor (Kg) are determined using equations 115 through 119of Volume III, 
Section II, at the specified mach nunber and altitude. 

Component loads PZWIN2 ■ 1.0 ^ PZHN? «in» ^or && l'0i trimmed con- 
dition are determined using equations (110) and'(111), where Nz * 1.0 and 
6f - 0. 

Airplane normal load factor, Nz, is determined as follows: 

NZW = A ^PZWlNz ^ i o + APZW1 j - 2.0 Nz (W^) (| - l) + 

PZH^ + APZH (124) 
NZ = 1.0 

or: 

. A(PZW1 +  APZW1) + PZR. + APZH 
N. LriJ nH-^s  en« 

Wt2-0fwwoP) (5-1) 

where PZWIN? = 1 0 ^
S
 Stained using equation (110), PZ^i^ = 1.0 ^s obtained 

using equation (ill). A is obtained using equation (112), F/R is the same as 
that used in equation (102), and incremental gust loads are: 

APZW1 - 0.100354 Kg CUWF S^ V^ (126) 

APZH -0.100354 Kg CLaHSHVE 
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' 

Where Ci^p is obtained using equation (68) and Q^ is obtained using 
equation 19 or 23 of Volume III, Section II. 

Limit airload on the components are then determined as follows: 

PZW1 - PZW1      + APZW1 (127) 
Z - 1.0 

PZW4 - - 2.0 Nz (W^d - l) (128) 

PZH - P2K, + APZH (129) 
*Z - 1.0 

PZN • (A - 1) PZW1 (130) 

Airplane pitching acceleration, 0* is determined as follows: 

Q = - [(XN-XCG) PZN + (XW1 - XCG) PZW1 + (XW4 - XCG) PZW4 + 

(XH - XCG) PZH] / 12 ly (131) 

LATERAL GUST CONDITION 

The lateral gust condition consist of a 50 fps lateral gust encounter 
superimposed on a 1.0 g trimmed condition. 

Component limit airloads PZW1, PZW4, PZH, and PZN are detemined using 
equations 110, 102, 111, and 13 8, respectively, with Nz ■ 1.0 and 6p ■ 0. 

Component limit airloads Pyjy and PyvT are determined using equations 138 
and 139, respectively, from Volume III, Section II. 

Airplane yawing acceleration, R, and side load factor, Ny, are deter- 
mined using equations 140 and 141, respectively, from Volume III, Section II. 

YAWING ACCELERATION CONDITION 

The yawing acceleration condition is an arbitrary condition where a 
specified value of yawing acceleration is caused by a load on the vertical 
tail and is superimposed on a 1.0 g trimmed condition. 
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Component limit airloads PZW1, PZW4, PZH, and PZN are detemined using 
equations 110, 102, 111, and 118, respectively, with N. - 1.0 and 6p - 0. 

Equations 142 and 143, of Volume III, Section II, are used to determine 
vertical tail limit airload, P VT. and airplane side load factor. My, 
respectively. ^ 

LIFTING SURFACE LIMIT AIRLOAD SHEARS AND MOMENTS 

Lifting surface unit airload shears and moments have been determined (for 
each type of distribution) such that the panel load (per side including the 
carry-over load on the body) is equal to unity. Therefore, limit airload 
shears and moments are obtained by multiplying the unit values by the limit 
panel loads. 

WING LIMIT AIRLOAD SHEARS AND MOMENTS 

Wing airload shears, bending moments, and torsional moments at the 
selected n stations for weight analysis along the load reference line are 
determined for a specific flight condition, as follows: 

yA - (b/2)/CosAR - Y/COSAR (132) 

S  - [PZWl(USZl) + PZW2(USZ2) + 
ZA 

PZW3(USZ3) + PZW4 (USZ4)j +2 (133) 

NL » [PZW1 (UMXT1) + PZW2 (IJMXT2) ♦ PZW3(UMXT3) + 
XA 

PZW4 (UMXT4)] +2 (134) 

NL - [PZW1 (LMYTl) + PZWZ (IJMYT2) + 

PZW3 (UMYT3) + PZW4 (UMm)] + 2 (135) 

where the unit shears and the unit bending and torsional moments are obtained 
from equations 80, 82, and 83, respectively, for each type of distribution. 
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Limit airload shear and manents of the side of the body stations, Ygs, in 
the body reference system are obtained using unit values from equations 87, 88, 
and 89 for each type of distribution. 

S     = [PZW1 (USZW(B)l) + PZW2 (USZW(B)2) + 
Z(SOB) 

PZW3 CUSZW(B)3) + PZW4 CUSZW(B)4)] + 2 (136) 

VL - [PZW1 (UM)CW(B)l) + PZW2 (IWXW(B)2) + 
X(SOB) 

PZW3 (UMXW(B)3) + PZW4 (IJMXW(B)4)] + 2 (137) 

NL    » [PZW1 (IWYW(B)l) + PZW2 (IJMYW(B)2) + 
T(SOB) 

PZW3 (IJMYW(B)3) + PZW4 (IJMYW(B)4)] + 2 (138) 

Ihe total limit carry over airload on the body, PZB(W), and its CP, 
XBBOV), are determined as follows using unit values from equations 93 
and 95: 

PZB(W) - PZW1 (UPZB(W)1) + PZW2 (UPZB(W)2) + 

PZW3 (UPZB(W)3) + PZW4 (UPZB(W)4) (139) 

XBB(W) • Xj^ ♦ [PZW1 (UPZB(W)1) DXB(W)1 + 

PZW2 (UPZB(W)2) DXB0V)2 + PZW3 (IIPZB(W)3) DXB(W)3 + 

PZW4 (UPZB(W)4) DXB(W)4]-i-PZB(W) (140) 

EMPENNAGE LIMIT AIRLOAD SHEARS AND MOMENTS 

Limit airload shears and bending and torsional moments are determined 
using equations 153 through 182, in Volume III, Section II. 
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Section III 

COMPUTER PROGRAM DESCRIPTION 

GENERAL DESCRIPTION 

The flexible airloads stand-alone program BFCNTL, has been developed to 
determine airplane component limit airloads, including effects of wing 
flexibility for specific flight case conditions. The limit airloads consist 
of the airload and center of pressure (CP) for each airplane component and 
airload shear, bending moment, and torsion distributions on wing and 
empennage surfaces. 

Punched card output data are in a format that is compatible for use as 
an optional external input to the SWEEP program. Input data are generated by 
the SWEEP data generation program as punched card data such that the operation 
of the stand-alone program requires no further effort other than setting up 
the program decks and the preparation of a control data card. 

PROGRAM FUNCTIONS 

The flexible airloads main program, BFCNTL, utilizes three main subrou- 
tines and nine other subordinate subroutines. The main subroutines are 
USPANF, BNIDSF, and SPABMF. 

Subroutine USPANF is used to determine lifting surface unit airload 
shears, moments, CP's and lift curve slopes for a specified mach number and 
altitude. For the empennage (horizontal and vertical tail) surfaces, the 
methods used are described in Volume III, Section II. For the wing, methods 
used are described Section II herein. 

Subroutine BNLDSF is used to determine the gross limit airload and CP on 
each of the airplane components and the airplane inertia factors for the 
specified case conditions. Methods employed are described in Section II. 

Subroutine SPABMF is used to detemine limit airload shear, bending 
moment, and torsion distributions on lifting surfaces for a specific flight 
condition. For empennage surfaces, the methods described in Volume III, 
Section II, are used. For the wing, methods used are described in 
Section II herein. 
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The purposes of other subordinate subroutines are as follows: 

* DECRD  - Reads and stores input data in assigned dimension region 

Rearranges and stores input data in assigned locations • RERDAT 

• C0DIM2 

• FC0EM2 

• ATMdS 

• WFLEX 

• FLXSIC 

• GLSQ 

• MATRIX 

Curve fitting interpolation routine for determination of 
a value on a single curve 

Curve-fitting interpolation routine for the determination of 
a value from a family of curves. 

Determines the standard atmosphere density and the speed of 
sound for a given altitude 

Determines the flexible wing airload distribution data for 
given types of rigid wing and load data 

Determines wing structural influence coefficient data 
required by WFLEX 

Gives the solution to a system of linear equations. 

Routine for printing matrices by rows or columns 

The calling-called matrix for the program, showing the interdependence of 
the subroutines, is shown in Figure 4. 

MAIN PROGRAM - BFCNTL 

The main program, BFCNTL, performs the following functions: 

1. Reads in input ND, BC, and BF data arrays of which BC and BF are the 
punched card outputs from the SWEEP II data generation program. 

2. Rearranges BC input array and sets up flight condition data for 
subroutine usage. 

3. Calls subroutines and transfers data required to perform the airload 
calculations. 

4. Punches card output (ahd prints) data containing component limit 
airloads and CP's and the wing and empennage limit airload shear 
and moment distributions. 
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Calling    \. 

ec 
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ec 
U 
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5 
H 
$ 

BFCNTL (MAIN) X X X X X 

USPANF X X X X X 

WFLEX X X X 

FLXSIC X 

BNLOSF X 

RERDAT X 

FC0DH2 
. , 

X 

Figure 4.   Calling-called matrix for flexible airloads stand-alone program. 
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Methods described in Section II are used in the coding of the program. 
the logical flow chart for the main program, BFCNTL, is shown in Figure 5, 
and detail flow charts and program listing are presented in Appendix A. 

PROGRAM BECK SETUP 

The program deck setup is illustrated in Figures 6 and 7. The total 
deck setup must follow the blocked order shown. TVelve subordinate subrou- 
tines may be arranged in any order, but the total subroutine block must be 
immediately behind the main program deck. When only one case is to be run, 
the execute card must follow the last card of DP data set. 

When multiple cases are to be run, subsequent-case data must be arranged 
as shown in Figure 7 and placed immediately behind the first case. The 
execute card must then follow the last-case DP data termination card. 

INPUT DATA 

Input data for the program consist of a user-prepared ND array and the BC 
and BF arrays produced by SWEEP data generation option. 

The input ND data array is an integer array on one card containing con- 
trol factors shown in Table 1. The flexible loads program uses some coding 
procedures which are identical to those contained in the airloads estimation 
program in Volume III. Consequently, some of the control factors listed in 
Table 1 are identical to time in Volume III. To simplify the coding proce- 
dures, identical control factors are located in the same card columns; some 
columns are left blank; and some columns contain relocated and new control 
data. 

Figure 1 and Table 2 show basic conditions produced for each of the 
various case numbers. Any basic condition not specifically defined by the 
chosen case nunber will not be produced, even if the type factor ND(28) 
through ND(36)) is entered as yes. These type factors are used for selection 
or rejection of only those basic flight conditions described by the chosen 
case number. 

BC data array contains (1) airplane design weights, centers of gravity 
locations, and moments of inertia, (2) design limit load factors, (3) design 
speed-altitude points, (4) airplane dimensional and geometric data, and 
(5) span stations on the lifting surfaces selected for weight analysis. 
These data are on punched cards in the E-format that is compatible with 
decimal read subroutine DECRD. Input BC array is shown in Table 3. 
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Main program BFCNTL 

BNLDSF 

Calculate and print 
Component limit 
airloads and centers 
of pressure for 
specific flight 
condition 

Read 
input data 

I 
Set up flight 
condition data 

I 
Punch and print 
component limit 
airloads and centers 
of pressure and 
wing and talI Iimit 
airload shear and 
moment distributions 

USPANF 

Calculate and print 
IIfting surface unit 
airload distributions, 

^L« anc* centers 

of pressure 

WFLEX 

Calculate and print 
flexible wing unit 
airload on strips and 
wing flexible-to-rigid 
ratios 

SPABMF 

Calculate and print 
lifting surfaces limit 
airload shear and 
moment distributions 
for specific fIIght 
condition 

I J 
Figure 3.   Logical flow chart for flexible airloads stand-alone program. 
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| DP data te 

f  DF data 

rmfnation card 

termination card 

DB data termination card 

DT data termination card 

BF data set 

BC data set 

NO factors card 

Figure 7. A subsequent-case data block setup. 
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BF data array contains (1) design speeds at 20,000 feet, (2) wing 
elastic axis location, (3) exposed wing strip weights and center of gravity 
(X/C) locations, and (4) wing spanwise variation of the stiffness parameters 
El and GJ. These data are shown in Table 4, locations 1 through 106, and are 
on punched cards in the same format as the BC data. 

SEMIPEPMANENT DATA 

The program deck setup contains data sets DT, DB, DF, and DP, which 
comprise semipermanent (fixed) data. These data sets contain aerodynamic data 
used by subroutine USPANF in the determination of lifting surface unit airload 
distributions. These data sets are the same as that contained in the SWEEP 
airloads module data bank. 

DT data set array is shown in Table 5. This data set contains n-span 
stations and taper ratios applicable to spanwise loading parameters of DB and 
DP data sets, and contains the variation with mach number of compressible 
section lift-curve slope parameter, B/K., and section CP, X/C, for the wing 
and empennage. 

DB data set array is shown in Table 6. This data set contains subsonic 
span loading parameter (C| C/CL C^V) » variation of conpressible lifting sur- 
face lift-curve slope parameter (BC^/K) versus compressible sweep parameter 
(\B) and aspect ratio parameter (BA/Ki) for 16 combinations of span 
station (n) and taper ratio (\). 

The DF data set array is shown in Table 7. This data set contains 
section CP (X/C) and flap lift effectiveness parameter (KCF) variation with 
flap chord ratio (Cp/Qv) and flap lift spanwise loading parameter 
(C £ C/CLOCAV) variation with span station (r\) for 10 flap span ratios 
(bp/bw). 

DP data set array is shown in Table 8. This data set contains 
supersonic span loading parameter (2r/Vab) variation with sweep parameter 
(Bm) and aspect ratio parameter (BA) for 16 combinations of span station (n) 
and taper ratio ( \ ). 

Numeric values of DT, DB, DF, and DP data contained in the program data 
bank are presented in Volume III, Section II. 
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SUBROUTINE DESCRIPTIONS 

SUBROUTINE RERDAT 

Subroutine RERDAT reads in and rearranges the input EC data set 
described in Table 3 to data locations shown in Table 9. The subroutine also 
interpolates El and GJ data BF(47) through BF(106) to obtain El and GJ data 
for subroutine WFLEX, as shown in data locations BF(114) through BF(173) of 
Table 4. BF data items BF(107) through BF(113), BF(174), and BF(17S) are 
added to the input data list. The rearranged BC data locations and the 
complete BF data sets are then used in the main program and the subprogranL 

Subroutine RERDAT logical flow chart and its program listing are shown in 
Appendix A. 

SUBROUTINE DECRD 

Entry Name 

DECRD provides the facility for reading a variable number of pieces of 
real data from the input device and storing them in specified elements 
(either sequential or nonconsecutive) or an array. 

Usage 

CALL DECRD (APR) 

APR - The name of the real array to be read. 

This routine is particularly helpful in programs in which the number of 
input elements varies from case to case. Only information specified is 
actually read into storage; remaining elements of the array are unchanged. 

Data are usually written on the form Fortran Fixed 10 Digit Decimal 
Data. Each card must contain an index: an integer written in columns 2 
through 12. The five data fields of 12 columns each Ccolumns 13 through 
72) contain input data of the real type. However, any data field may be left 
blank to indicate that the corresponding location in core is not to be 
changed. Columns 73 through 80 contain the identification. 

The index defines the location of the first piece of data on the card 
within the array specified as the argument. This integer must be written to 
the extreme right of the field. If the name of the array is not subscripted 
in the CALL statement, the index can be considered equivalent to the subscript 
of a one-dimensioned array. For example, if the argument in the CALL is the 
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nonsubscripted array name, ARK, and the index is 10, the first piece of data 
on the card (columns 13 through 24) will be read into ARR (10); the third 
piece of data (columns 37 through 48) will be read into ARR (12). 

For an array with multiple subscripts, the index should be computed so 
that the particular element can be defined by a single number. The index 
may not be zero or blank. 

All data items must be of the real type; they are written following the 
rules for input with E-type fomat specification. If an exponent is written, 
it must be at the extreme right of the field. 

1. If the number is written without either an exponent or a decimal 
point, the point is assumed to be at the extreme right of the field 
(as if read with an E12.0 format). 

2. If the decimal point is explicitly written, the number may be 
positioned anywhere in the field. 

3. If no decimal point is written but an exponent is furnished, the 
point is assumed to be iimediately to the left of the exponent. 

When a field is left blank, no information is read into the location 
corresponding to this field; the information already in this location is 
unaltered. A negative zero is read as zero. 

Reading is terminated by putting a negative sign in column 1 of the 
last card to be read. 

Error 

If card columns 2 to 12 are blank or zero, the comment, "DECRD ER. 
CARD ■ (bad card image)" is printed and execution of the job is teminated. 
If a field contained in columns 13 through 72 cannot be converted by the 
specified format, an error code is printed and execution of the job is 
teminated. 

Method 

Data fields of each card are converted twice, using two formats, 
SF12.0 and 10A6. The A-type conversion is used to check for blank fields. 
If the field is not blank, the result of the E-type conversion is stored 
in the proper element of the specified array. After reading each card, a 
test is made for a negative sign in the first field; reading is teminated 
if the sign is negative. The numerical data cards processed by M sjb- 
routine is discussed in Section I of Volume IX. 
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SUBROUTINE USPANF 

Subroutine USPANF is used to determine the lifting surface unit airload 
shears, moments, CP's and lift-curve slopes for a combination of mach 
number and altitude specified by the main program. 

Methods used for the horizontal and vertical tail surface are the same 
as those described in Volume III, Section II, for the SWEEP program. 

Methods used to develop the wing unit airload data include the airload 
distributions caused by wing bending and torsional deflections resulting 
from (1) lift due to angle of attack, (2) lift due to flap deflection, and 
(3) inertia load due to vertical acceleration. The applicable methods are 
described in Section II herein. 

FUNCTION C0DIM2 

Function C0DIM2 is an interpolation routine for the determination of a 
point on a single curve fitted through four points. 

FUNCTION FC0EM2 

Function FC0EM2 is an interpolation routine for the determination of a 
point from a family of fitted curves. The subroutine utilized C0DIMZ  for each 
family curve interpolation. 

SUBROUTINE ATM^S 

Subroutine AlMßS is used to determine the 1962 U.S. Standard Atmosphere 
density and speed of sound for a given geometric altitude. The methods 
employed can be followed in the logical flow chart and the program listing 
shown in Appendix A. 

SUBROUTINE WFLEX 

Subroutine WFLEX solves the wing static aeroelastic problem for the a, 
6 FLAP, and vertical inertia load effects. The subroutine uses distributed 
rigid airload data, along with flight condition data and structural influe- 
ence coefficients from subroutine FLXSIC. The logical flow chart and the 
program listing are shown in Appendix A. 
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Usage 

All input-output data, except printed results and diagnostic printed 
results, are passed through the call statement. 

CALL WFLEX (AFW, AFWCP, AFWF, AFWDF, F, YEIGJ, El, GJ, CR, B02, BLBS, 
ANGLE, FSLERT, ANGERA, FSEA(3, WLAMDA, Q, CLAR, E0TA, SW, N0EIGJ, NS, 
ICALCS, IPRINS, IPRINA) 

Definition of call statement variables: 

( ) = program dimensions 

Variable C ) Data TVpe 

AFW(10,3) 

AFWCP(10,3) 

AFWF(10-3) 

AFWDFC10,3) 

INPUT 

INPUT 

OUTPUT 

OUTPUT 

Description 

Rigid load distributions on NS number of 
chordwise strips. Stored by columns: 
Col 1, a  load; col 2, ßpLAP load» 
col 3, inertia load for N? ■ 1. 

Chordwise centers of pressure for rigid 
loads provided in AFW. These X/C values 
are stored by columns. 

Total flexible load distributions, by 
column. 

Delta flexible load distributions, by 
column. 

FC3,4) 

YEIGJ(20) 

El(20) 

GJ(20) 

OUTPUT Sumnation of load distributions: Col 1, 
£ rigid loads; col 2,   £ total flexible 
loads; col 3,   Z delta flexible loads; 
col 4, flexible-to-rigid ratios. 

INPUT Elastic axis y-coordinates for wing El 
and GJ.    NOTE:    YEIGJ (1) must equal 
zero, (in.). 

2 
INPUT El, wing bending stiffness (lb in.). 

2 
INPUT GJ, wing torsional stiffness (lb in.). 

68 



Variable C ) Data Type 

CR INPUT 

B02 iNPirr 

BLBS iNivr 

ANGLE INPUT 

FSLERT iNPirr 

ANGEA INPUT 

FSEA0 INPUT 

WLAMDA 

Q 

CLAR 

E0TA 

SW 

N0EIGJ 

NS 

ICALCS 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

Descriptions 

Chord of wing at fuselage £ (in.)* 

Wing sanispan, b/2 (in.). 

Butt line of body side (in.). 

Angle of wing leading edge sweep (deg) 

Fuselage station of wing leading edge 
at fuselage f, (in.). 

Angle of wing elastic axis sweep (deg) 

Fuselage station of elastic axis at £ 
(in.)- 

«tog taper ratio,  ^-^f 

Dynamic pressure, q (psf). 

C. /RAD for the wing. 

Exposed/total load ratio, for 
distributions. 

Wing area (ft2). 

Number of values in the YEIGJ, El and 
GJ lists, 20 maximum. 

Numbers of load strips on the exposed 
wing, 10 maximum. 

Controls calculation of SIC matrix: 

0 - Do not calculate SIC 
1 - Do calculate SIC 
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Variable ( ) 

IPRINS 

IPRINA 

Data Type Descriptions 

INPUT Controls printing of SIC matrix and 
other diagnostic data from subroutine 
FLXSIC: 

0 - Do not print SIC 
1 - Do print SIC 

NOTC: IPRINS has no effect if ICALCS - 0 

INPUT Controls printing of diagnostic data 
from subroutine WFLEX: 

0 - Do not print diagnostic data 
1 - Do print diagnostic daca 

Restrictions 

The number of load strips, NS, may not exceed 10, and the number of El 
and GJ values, N0EIGJ, may not exceed 20. 

Error Returns 

If NS is greater than 10, or N0EIGJ is greater than 20, an error 
message will be printed and execution will be stopped. 

Method 

The method is described under the heading "Wing Aeroelastic Distributions" 
in Section II. Note that when using subroutine GLSQ to obtain the solution, 
the D-matrix must be reloaded into A for each load effect, because GLSQ 
destroys A in the solution process. Also, note that region A must be cleared 
prior to loading D for at least two more rows than the number of rows in D, 
in order for the GLSQ solution to work. 
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Operational Notes 

Rigid load distributions that enter into WFLEX are for loads on the 
exposed wing panel only and can be handled several ways. But regardless of 
the manner in which it is used, the or load, per radian, on the exposed wing 
panel due to a unit angle of attack is computed in the program as: 

NS 

LOAD - CLAR*E0rA*Q*^* J  AFK'CM) 
1-1 

The variable E0TA in application to this flexible airloads program 
is equated to 1.0. 

SUBROUTINE FLXSIC 

Using wing geometry and wing El and GJ distributions as input data, 
subroutine FLXSIC computes wing structural influence coefficient for use 
in the static aeroelastic solution that is calculated in subroutine WFLEX. 
The logical flow chart and program listing are shown in Appendix A. 

Usage 

All input-output data, except printed diagnostic results, are passed 
through the call statement. 

CALL FLXSIC (SICBAR, YEIGJ, El, GJ, CR, B02, BLBS, ANGLE, FSLERT, 
ANGEA, FSEA0, WLAMDA, X0CFWD, X0CAFT, N0EIGJ, NS, IPRINS) 

Definition of call statement variables 

C ) = Program dimensions 

Variable C   )        Data Type 

SICBARC10,20) CmPUT 

YEIGJC20) 

Description 

Matrix of strip slopes due to loads at 
the SIC points (radians/lb). 

INPUT Elastic axis y-coordinates for wing El 
and GJ.    NOIE:    YEIGJ(1) must equal 
zero, Cin.). 
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Variable ( ) Data Type 

EI(20) INPirr 

GJ(20) INPUT 

CR INPUT 

B02 INPUT 

BLBS INPUT 

ANGLE INPUT 

FSLERT INPUT 

ANGEA INPUT 

FSEA0 INPUT 

WLAMEA 

NS 

IPRINS 

INPUT 

X0CFWD INPUT 

X0CAFT INPUT 

N0EIGJ INPUT 

INPUT 

INPUT 

Description 

2 
El, wing bending stiffness (lb-in.). 

2 
GJ, wing torsional stiffness (lb-in.). 

Chord of wing at fuselage £ (in.). 

Wing semispan, b/2 (in.). 

Butt line of body side (in.). 

Angle of wing leading edge sweep (deg). 

Fuselage station of wing leading edge 
at fuselage (£ (in.). 

Angle of wing elastic axis sweep (deg). 

Fuselage station of elastic axis at (£ 
(in.). 

King taper ratio. .„ * if^- 

Strip X/C forward, used as 0.15. 

Strip X/C aft, used as 0.65. 

Number of values in the YEIGJ, El and 
GJ lists, 20 maximum. 

Number of load strips on the exposed 
wing, 10 maximum. 

Controls printing of SIC matrix and 
other diagnostic data: 

0 - Do not print SIC and diagnostic 
1 - Do print SIC and diagnostic 
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Restrictions 

The number of load strip, NS, may not exceed 10, the number of El and 
GJ values may not exceed 20, and YEIGJ(l) mist equal 0. 

Error Returns 

In the logic of this routine, it is possible for y in the swept elastic 
axis system to become negative for a highly swept wing. If it does, this 
subroutine will print out an error message and execution will be stopped. 

Method 

The method is described under the heading "Wing Structural Influence 
Coefficients," in Section II. Coding, with the exception of the technique 
used in integration of equation 44 is self-explanatory. Integration of 
equation 44 is accomplished trapezoidally after the input El and GJ data 
are first interpolated, using the C0DIM2 subroutine, to obtain 20 intervals 
between the f, and the point at which the deflection is being computed. For 
example: 

I. 
y 21 

f (I) d\ - ^ (fO^i.! + fC^i) ^k 

where 

0 i-2 

A\ « y/20 

Note that if the value of y ever exceeds the value of n, the integration 
upper limit is changed to n by simply zeroing out the value of the ftinc- 
tions of \  in both the bending and torsion integrals. 
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Reconmended Operational Data Setup 

In the foimilation of the aeroelastic solution that uses the SIC matrix 
fron this subroutine, the wing elastic axis (EA) has been carried inboard of 
the side of the bod/ to the body centerline. In general, the wing cany- 
through structure does not extend along the wing EA, but is directed across 
the airplane. Since bending across the airplane does not affect wing angle of 
attack, and the wing is effectively fixed in torsion at the sire of the body, 
stiffness El and GJ inboard of the body side should be arbitrarily greatly 
increased. 

El and GJ reconmended data setup: 

y, BODY SIDE  cos A „ EA 

YEIGJ(l) - 0. EI(1) - 10 EIBS GJ(1) - 10 GJ^ 

(2) - 0.2S 7^ (2) - 10 EIBS (2) « 10 GJ^ 

(3) - 0.50 Fg. (3) - 10 EIgg (3) - 10 GJ^ 

(4) - Tßs (4) • Elgg (4) - OJ^ 

(5) - 1.10 7BS (5) = See Note (5) « See Note 

NOTE: Data for point 5 and on should be taken fron the El and GJ curves. 
Sufficient data points should be input (20 maximum) to give good defi- 
nition of the curves when fitted with C0DIM2. 

Subroutines USPANF through RERDAT set up El and GJ values in accordance 
with the preceding note and interpolate El and GJ input data BF(47) through 
BF(106) to obtain 15 additional points outboard of YEIGJ(5). Resulting El 
and GJ data are then located in BF(114) through BF(173), as shown in Table 4, 
for transfer to this subroutine. 

SUBRDiniNE GLSQ 

This FORTRAN subprogram gives the least squares solution to a system of 
overdetermined linear equations Bx = C, where B is an N x M matrix, with 
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N > M and C a colunn vector of dimension N. The logical flow chart and the 
program listing are shown in Appendix A. 

Calling Sequence 

CALL GLSQ (A, X, IL, N, M, ALPHA, El, E2) 

Definition of call statement variables: 

( ) " program dimensions 

Variable ( )    Data Type 

INPUT A(25,26) 

X(26) 

IL(26) 

OUTPUT 

INPUT 

N INPUT 

M INPUT 

ALPHA OUTPUT 

El and E2 INPUT 

Description 

The augmented matrix B,C of at least 
dimension (M+2) x (.M+l) or N x (M+l), 
whichever is greater. 

The vector where the solution is stored 
and must be of at least dimension M+l. 

A temporary vector of at least dimen- 
sion M+l. 

Number of rows of B. 

Number of colunns of B. 

The square root of the sun of the 
squares of the residuals. 

Two nonnegative numbers which are 
small compared to the size of the num- 
bers in the input matrix. 

Restrictions 

This subprogram has a dimension statement A(25, 26), XC26), IL(26). 
The calling program must be dimensioned exactly the same. The input data. A, 
are destroyed during the computation. 
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Method 

The method is discussed under "Wing Aeroelastic Distributions," in 
Section II. In the triangularization process, if any nunber to be annihilated 
is already less in magnitude than El, it is considered to be zero and the 
computations to annihilate the element are omitted. 

Let bj denote the j column of 3. If the routine finds that bk is a 
linear combination of b^,..., b^.j, then it sets the k**1 component of x to 
zero, The routine considers that such a linear combination holds whenever 
numbers X^,...., Xk-i can be found so that the length of the vector 

bk- CK^ ♦....+K^b^) 

is less than E2. 

Operational Notes 

When using GLSQ to solve an exactly determinate set of linear equations, 
the dimension of the augmented matrix must be at least A(M+2, M+l), and the 
region must be cleared prior to loading the augmented matrix. 

SUBROUTINE MATRIT 

Subroutine MATRIT prints matrices by row or colunn in format IP8E13.S 
and with a heading statement that is transmitted in the calling sequence. 
The logical flow chart and the program listing are shown in Appendix A. 

Usage 

CALL MATRIT (AMN, NR, NC, NRMAX, MTYPE,  IPRIN, HEAD) 

Definition of call statement variables: 

( ) = Program Dimensions 
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Variable ( ) Data Type 

AMN(l) INIVT 

NR iNivr 

NC iNPin" 

NRMAX iNPirr 

NfTYPE 

IPRIN 

HEAD(IOO) 

INPUT 

INPl^ 

INPUT 

Description 

Matrix to be printed. 

Number of rows in AMN. 

Number of column in AMN. 

Maximian number of rows in AMN, 
dimension in calling program. 

Type of matrix: 
1 - real 

-1 - complex (do not use) 

Print by rows or columns: 
1 - print by rows 
2 - print by columns 

Format of matrix heading; for 
example, 

24H (IHI 20X, 11»1ASS, MATRIX) 

SUBROIHINE BNLDSF 

Subroutine BNLDSF is used to detemine the limit airloads and CP's on 
the airplane components, and up inertia factors for the flight conditions 
specified by the main program. There are five types of flight conditions for 
which the airloads can be determined; namely, (1) the balanced maneuver con- 
dition, (2) the pitching acceleration condition, (3) the vertical gust condi- 
tion, (4) the lateral gust condition, and (5) the yawing acceleration 
condition. TTie methods used in deriving the component loads for these 
conditions are presented in Section II and include the aeroelastic effects of 
wing flexibility. 

The subroutine BNLDSF logical flow chart and the program listing are 
shown in Appendix A. 
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SUBROUTINE SPABMF 

Subroutine SPABMF is used to determine the net limit airload shear and 
moments along the load reference line on the wing, horizontal tail, and verti- 
cal tail surfaces. The methods employed are described in Section II. The 
logical flow chart and the program listing are shown in Appendix A. 

OPERATING CORE, TO0M 

The program operating core, TC0M, is dimensioned to 4,400 locations and 
is blocked into data regions as shown in Table 10. A description and the 
location of the data within each data block can be found in the tables 
referenced by Table 10. 

OUTPUT DATA DESCRIPTION 

GENERAL 

Primary output of the program is a deck of cards containing airplane 
component limit airloads, CP locations, and wing and empennage limit airload 
shears and moments at the spanwise stations along the load reference line 
selected for weight analysis. Punched card output is in a format for use as 
an optional airloads input to the SWEEP program. Printout of other data is 
also included for visual inspection of the results of final and intermediate 
calculations. 

PUNCHED CARD OUTPUT 

The output punched cards list limit airloads data in an E-format to be 
read by subroutine DECRD in SWEEP. A sample printout of data on the punched 
cards is shown in Table 17. Each card contains a DECRD array index number, 
followed by five decimal data items and the card identification number. 
A "yes" in control factor ND(40), per Table 1, will provide the punched card 
output. 

Output data array is described in Table 15. The index number punched on 
each card corresponds to the location within the array for the first item of 
decimal data on the card. 
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Condition identification nunber and component loads identification 
nunbers are assigned by the program and are included in the punched output 
deck for each condition. Component loads identification nunbers also appear 
in the printed output. 

Condition ID 

The condition identification nunber is punched in columns 13 to 24 of 
card 1 and is defined as follows: 

CA 

J 
CN 

Case number 
(Refer to table 2) 

Condition array ID 
(Refer to table 18) 

W V 

X 
Wing ID 

1 - Fixed 
2 - VS - fwd 
3 - VS - aft 

Vertical tall ID 
5 - Single tail 
6 - Dual tail 
7 - T-tail 

Fuselage Loads ID 

The fuselage loads identification number is punched in columns 25 to 36 
of card 1 and appears on the components load and CP printed page. It is 
defined as follows: 

CA CN 0 

Wing.loads ID 

The wingloads identification nunber is punched in columns 25 to 36 of 
card 5 and appears on the wing spanwise loads printed page.    It is defined as 
follows: 

CA   CN   W 
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Horizontal Tail Loads ID 

The horizontal tailloads identification number is punched in colums 61 
to 72 of card IS and appears on the horizontal tail spanwise loads printed 
page. It is defined as follows: 

CA Qi £ 

Vertical Tail Loads ID 

The vertical tailloads identification nunber is punched in colimns 37 
to 48 of card 26 and appears on the vertical tail spanwise loads printed page. 
It is defined as follows: 

CA CN V 

Punched Card ID 

The punched output identification and card sequence nunber is punched in 
columns 73 to 80 and is defined as follows: 

1    CA    CN    SEQ 

Signifies sweep 1 data      Three-column sequence No. 

PRINTTED OUTPUT DATA 

The program will always print the data in Tables 19 through 28. With a 
"yes" in ND(41), per Table 1, a listing of the data on the punched output 
cards will be printed as shown in Table 17. With a "yes" in ND(44), per 
Table 1, FLXSIC matrices will be printed as shown in Tables 29 through 35. 
With a "yes" in ND (45), per Table 1, WFLEX matrices will be printed as shown 
in Tables 36 through 38. 
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Data of Primary Interest 

Data of primary interest to the user consist of (1) that which is 
descriptive of the data that are to be used as optional input to SWEEP, and 
(2) input data for the main program, BFCNTL. 

Table 17 shows a sample printout of the data on the output punched cards. 
Data items can be identified using Table 15. Table 25 presents a sumnary 
of the conponent limit airloads, CP's, and the airplane inertia factors. 
Tables 26 through 28 show sample printouts of limit airload shears and 
moments along the load reference line for the wing, horizontal tail, and 
vertical tail, respectively. Tables 19 and 20 show sample printouts of the 
program input BC and BF data sets; the data items can be identified using 
Tables 3 and 4. 

Inteimediate Step and Diagnostic Data 

Tables of printed data presenced are divided into three groups. The 
first group consists of intemediate-step results produced by subroutine 
USPANF as spanwise unit airload distributions for the wing, and horizontal and 
vertical tails are developed. The second group consists of optional diag- 
nostic matrix data produced by subroutine FLXSIC. The third group consists of 
optional diagnostic matrix data produced by subroutine WFLEX. 

Intermediate-Step Data 

Tables 21, 23, and 24 are produced by subroutine USPANF. Table 22 is 
produced by subroutine WFLEX, which is subordinate to subroutine USPANF. 
These printed data are not optional in the current configuration of the flexi- 
ble airloads stand-alone program. Table 21 shows sample printouts of the 
rigid loading data extracted from the data bank aerodynamic data for the 
condition mach number and the subject air vehicle configuration. Table 22 
shows sample printouts of r^qid loading and CP data inputed to subroutine 
WFLEX by subroutine USPANF, and aeroelastic loading data returned to sub- 
routine USPANF by subroutine WFLEX. Table 23 shows sample printouts of final 
unit spanwise loading distributions 3or the wing, and horizontal and vertical 
tails developed by subroutine USPANF. Table 24 shows sample printouts of 
spanwise variation of unit shear, bending moment, and torque for three sur- 
faces as developed by subroutine USPANF and stored in data region BU. 
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FLXSIC Diagnostic Data 

Tables 29 through 35 present optional diagnostic data produced by 
subroutine FLXSIC. If control factor ND(44) is assigned a value of 1, these 
tables will be produced. A value of 0 will eliminate them. Table 29 shows 
a sample printout of the data inputed to subroutine FLXSIC by subrou- 
tine WFLEX. Table 30 shows a sample printout of the elastic axis geometry 
developed by subroutine FLXSIC. Tables 31 through 35 show sample printouts of 
the various structural influence coefficient (SIC) matrices developed by 
subroutine FLXSIC. Subroutine FLXSIC is recalled only when there is a change 
in wing geometry or stiffness properties. 

WFLEX Diagnostic Data 

Tables 36 through 38 present optional diagnostic data produced by sub- 
routine WFLEX. If control factor NDC45) is assigned a values of 1, these 
data will be produced. A value of 0 will eliminate them. Tc' le 36 shows a 
sample printout of the pertinent aerodynamic data used by subroutine WFLEX. 
Table 37 shows a sample printout of the aeroelastic D-matrix developed by the 
subroutine. Table 38 shows sample printouts of the rigid and the resultant 
flexible loads matrices. Subroutine WFLEX is called whenever mach number, 
dynamic pressure, wing geometry, wing stiffness properties, or wing weight 
distribution change. 
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TABLE 1.    ND OOWTRDL FACTORS CARD 

Control Factor 
Card 
Col 

ND 

13 

ND 
14 

ND 
15 

ND 

23 

ND 
24 

ND 
25 

ND 
26 

ND 

27 

SWEEP A/V class 
Fighter 
Attack 
Bomber I 
Bomber II 
Cargo-assault 
Cargo-transport 

2 
1 
2 

3 
4 
5 
6 

Wing Type 
Fixed wing 
Variable sweep 

3.4 
4 

-1 
1 

Vertical tail type 
Single tail 
Dual tail 
T-tail 

5,6 
6 
6 

-1 
0 
1 

Loads requirements 
Select conponents 
Fuselage              No 

Yes 
Wing                      No 

Yes 
Horizontal tail No 

Yes 
Vertical tail     No 

Yes 

Do all conponents 

21,22 -1 
23,24 

24 
-1 

1 
25,26 

20 
-1 

1 
27,28 

28 
-1 

1 
29,30 

30 
-1 

1 

22,24 
26,28 
§    30 

1 0 0 0 0 
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TABLE 1. ND OONTROL FACTORS CARD (CONT] 

Control Factor 
Card 
Col 

ND 
28 

ND 
29 

ND 
30 

ND 
31 

ND 
32 

ND 
33 

ND 
34 

ND 
35 

ND 
36 

ND 
40 

ND 
41 

Basic condition types* 
Pos bal flight       No 

Yes 
Neg bal flight       No 

Yes 
Maneuvering flap     No 

Yes 
1 g trim flap       No 

Yes 
Pos vert gust        No 

Yes 
Neg vert gust       No 

Yes 
Lateral gust        No 

Yes 
Pitch acceler       No 

Yes 
Yawing acceler       No 

Yes 

31,32 
32 

-1 
1 

% 

33,34 
34 

-1 
1 

35,36 
36 

-1 
1 

37,38 
38 

-1 
1 

39,40 
40 

-1 
1 

41,42 
42 

-1 
1 

43,44 
44 

-1 
1 

45,46 
46 

-1 
1 

47,48 
48 

_ 

-1 
1 

Funch output factors 
Punched output       No 

Yes 
Print check         No 

Yes 

55,56 
56 

-1 
1 

57,58 
58 

-1 
1 
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TABLE 1.    ND CONTROL FACTORS CARD (CONCL) 

Control Factor 
Card 
Col 

ND 
42 

ND 
43 

ND 
44 

ND 
45 

ND 
46 

Input control factors - 
No.  of values 

YEIGJ, EL, GJ 
(20 Maximum) 

Wing weight strips 

59,60 20 

61,62 10 

Diagnostic printing 
FLXSIC matrices        No 

Yes 
MFLEX matrices         No 

Yes 

64 
64 

0 
1 

66 
66 

0 
1 

Case No. 67,68 ** 

*Basic conditions not specifically defined by the chosen case number will 
not be produced, even if the type factor is entered as yes. Type factors 
are used for the selection or rejection of basic conditions described by 
the chosen case number. 

**Enter case number selected from Table 2 (the number must be right- 
adjusted in the field). 
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TABLE 2. CASE NUMBER CONDITIONS 

Case No. Condition No. 
Condition 

Type Mach No. Altitude 

1 

104 WV 
106 WV 
107 WV 

108 WV 
110 WV 
111 WV 

112 WV 
114 WV 
115 IW 

♦ Bal man. 
Pitch accel 
Yaw accel 

MLI.I 

hl.l 

♦ Bal man. 
Pitch accel 
Yaw accel 

^,2 

♦ Bal man. 
Pitch accel 
Yaw accel 

hi.3 

2 

208 WV 
210 WV 
211 IW 

212 WV 
214 WV 
215 WV 

♦ Bal man. 
Pitch accel 
Yaw accel 

ML1.2 

h1.2 

♦ Bal man. 
Pitch accel 
Yaw accel 

h1.3 

3 
312 WV 
314 WV 
315 WV 

♦ Bal man. 
Pitch accel 
Yaw accel 

ML1.3 h1.3 

4 

401 WV 
402 IW 
403 WV 
405 WV 

409 WV 
413 IW 

+ Vert gust 
- Vert gust 
Lat gust 
- Bal man. VI 

hl,l 

- Bal man. 
- Bal man. 

hl,2 
h1.3 

5 

501 WV 
502 IW 
505 IW 

509 WV 
513 WV 

+ Vert gust 
- Vert gust 
Lat gust %, 20,000 ft* 

hj 2 or 20,000 ft* 

- Bal man. 
- Bal man. V2 

hl,2 
hl,3 
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TABLE 2. CASE NUMBER OONDITIONS (CONCL) 

Case No. Condition No. 
Condition 

Type Mach No. Altitude 

6 

601 WV 
602 WV 
603 WV 

613 WV 

♦ Vert gust 
- Vert gust 
Lat gust 

^,3 or 

MH1, 20,000 ft* 
h. . or 20,000 ft* 

- Bal man. *tt.3 hl.3 

7 

704 WV 
705 WV 
706 WV 
707 IW 

708 WV 
709 WV 
710 WV 
711 WV 

712 WV 
713 WV 
714 WV 
715 WV 

+ Bal man. 
- Bal man. 
Pitch man. 
Yaw man. 

0.90 

Vl 

+ Bal man. 
- Bal man. 
Pitch man. 
Yaw man. 

\2 

+ Bal man. 
- Bal man. 
Pitch man. 
Yaw man. 

hM 

8 816 WV Flap man. l.SVso SL 

9 917 IW 1 g flap trim 1.2 VSL SL 

10 

1018 IW 
1019 WV 
1020 IW 
1021 IW 

1022 IW 
1023 WV 

+ Vert gust 
- Vert gust 
+ Bal man. 
- Bal man. Vi 

h2,l 

+ Bal man. 
- Bal man. h2.2 

11 

1118 WV 
1119 WV 

1122 WV 
1123 WV 

+ Vert gust 
- Vert gust 

MH2,2 or 
^2, 20,000 ft* 

h- ,, or 20,000 ft* 

+ Bal man. 
- Bal man. V2 h2,2 

*Gust conditions maxinum altitude is 20,000 feet. 

W ■ 1 « Fixed wing             V ■ 5 ■ Single vertical tail 
2 » Variable sweep (fwd)         6 ■ Dual vertical tail 
3 ■ Variable sweep (aft)         7 ■ T - tail 
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TABLE 5.    DT DATA SET 

Location Description 

Ijrr(l) is equivalent to TQZM (100) 

1 - 4 (1) through (4), span station, fraction of semispan 

5 - 9 (1) through (4), taper ratios 

9 - 20 M(l) through M(12), mach numbers 

21 - 32 B/K (1) through B/K (12), compressible section lift- 
curve slope parameters 

33 - 44 X/C (1) through X/Cw (12), wing section center of 
pressure locations, fraction of chord 

45 - 56 X/Gj- (1) through X/CT (12), tail section center of 
pressure locations, fraction of chord 
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TABLE 6. DB DATA SET 

Location Description 

DB(1) is equivalent to TG0M (156) 

1 - 6 

7 - 13 

14 - 55 

56 

78 

140 

182 

350 

518 

686 

97 

139 

181 

349 

517 

685 

727 

728 - 769 

770 - 811 

812 - 853 

Ag(l) through Ag^6), compressible sweep angle (de^) 

BA/K(1) through BA/K(6), aspect ratio parameter 

Table of C | C/CLCAV values versus Aß and BA/K for r>  I), 
\(1) (42 values per table) 

Same as 14 - 55, except for i(l)» X(2) 

Same as 14 - 55, except for r](.l),  \(3) 

Same as 14 - 55, except for n(l), X.(4) 

Same as 14 - 181, except n ■ Tl(2) 

Same as 14 - 181, except ti ■ TI(3) 

Same as 14 - 181, except n " Tl(4) 

Table of BC^K values versus A3 and BA/K for \(1) 
(42 values per table) 

Same as 686 - 727, except \- \(2) 

Same as 686 - 727, except \ ■ \(3) 

Same as 686 - 727, except X.- \(4) 

NOTES: Table data order - values for BA/K(1), AB(1) through AB(6) 

BA/K(2),AB(1) throughAB(6), etc 

Refer to Table 2 in Volume III, Section II, for numerical values of 
data. 
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TABLE 7.    DF DATA SET 

Location Description 

DF(1)  is equivalent to TCJflM (1009) 

1 - 5 Cp/C^Cl) through CF/CW(5), flap chord to wing chord ratios 

6 - 10 X/C (1) through X/C (5), centers of pressure of section 
lift due to flap deflection, fraction of wing chord 

11 - 15 % (1) through KCF (5), flap lift effectiveness 
parameters 

16 - 25 bp/bw (1) through bp/l^ (10), flap span to wingspan 
ratios 

26 - 36 T| (1) through   nUl) wingspan stations, fraction of 
wing semispan 

37 - 146 Table of CL C/CLer CAV values versus  n , bp/lv 

NOTE:    Tab] Le data order - values for bp/b^l), i (1) through   ^(11) 

bp/bw(2), nd) through   ndl), etc 

Refer to Table 3 in Volume III, Section II, for numberical value of 
data. 
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,Vi 

TABLE 8. DP DATA SET 

Location Description 

DP(1) is equivalent to TO0M (1155) 

1 - 5 

6 - 14 

15 - 59 

60 - 104 

105 - 149 

150 - 194 

195 - 374 

375 - 554 

555 - 734 

BA(1) through BA(5), aspect ratio parameter 

Bm(l) through Bm(9), sweep parameter 

Table of 2T/Vah values versus Bm and BA for i (l), 
K (1) (45 values per table) 

Same as 15 - 59, except for n(l), K (2) 

Same as 15 - 59, except for n(l), K(3) 

Same as 15 - 59, except for n(l), K(4) 

Same as 15 - 194, except n ■ n(2) 

Same as 15 - 194, except T ■ TI(3) 

Same as 15 - 194, except t] ■ ti(4) 

NOTE: Table data order • Values for BA(1), Btn(l) through Bm(9), etc 

data. 
Refer to Table 4 in Volume III, Section II, for numerical values of 
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TABLE 11.    OONDITION EATA REGION BB*** 

Location Description 

BB(1) is equivalent to TC0M(2953) 

W, airplane weight (lb) 

1 XCG, airplane center of gravity location (FS)  (in.) 

M 

ly, airplane pitching moment of inertia (slug ft2) 

ll, airplane yawing moment of inertia (slug ft2) 

6p, flap deflection (deg) 

N2, airplane limit normal load factor 

Q, airplane pitching acceleration (rad/sec2) 

R, airplane yawing acceleration (rad/sec2) 
9 hp, altitude (ft) 

10 M, mach number 

11 Previous condition altitude (ft) 

12 Wing ID number* 

IS Horizontal ID number «4.0 

14 Vertical tail ID number** 

IS Condition number 

16 Previous condition mach number 

17 q, dynamic pressure (psf) 

18 CL»WR» wing rigid lift curve slope per radian 

19 Vg, equivalent airspeed (knots) 

20 Balance N^, airplane normal load factor for balanced part 

:ixed wing ID - 1.0 
Variable wing forward ID ■ 2.0 
Variable wing aft ID - 3.0 

**< 

I 
1 

Single vertical tail ID - 5.0 
)ual vertical tail ID - 6.0 
'-type vertical tail ID - 7.0 

Tiis condition data region is set up for each condition 
>y the main program BFCNTL. 
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TABLE 12.    PARAMETER DATA REGION BS FOR SUBRDOTINES 
USPANF AND BNLDSF 

Location Description 

USPANF 

BS(1) is equivalent to TC0M(2973) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

B/K, subsonic lift-curve slope parameter 

M, mach number 

(X/C)Cp, section center of pressure, fraction of chord 

Ygs» wing-body interface station (BL), or horizontal 

AL£, surface leading edge sweep angle (deg) 

A£A, surface elastic axis sweep angle (deg) 

'^RAi surface load reference line sweep angle (deg) 

XL£, fuselage sta. of root chord leading edge (in.) 

XgA, fuselage sta of elastic axis at root chord (in.) 

CR, root chord of theoretical surface (in.) 

V-S, taper ratio of theoretical surface 

As, aspect ratio of theoretical surface 

Ss, area of theoretical surface (ft2) 

bs/2 or by, span of surface panel (in.) 

igg orHgy, span station of surface-body interface 
station, fraction of panel span 

(X/C)j^, location of load reference line in fraction of 
chord 

Ypo/biv/2, wingspan station of outboard end of flap, 
fraction c^f spraispan 

Ypj/b^/2, wingspan station of inboard end of flap, 
fraction of semi span 

Aß» subsonic compressible sweep parameter, or BA, 
supersonic aspect ratio parameter 

BA/K, subsonic aspect ratio parameter, or Bm, supersonic 
sweep parameter 
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TABLE 12.    PARAMbTER DATA REGION BS FOR SUBROUTINES 
USPANF AND BNLDSF (CONa) 

Location Description 

BNLDSF 

BS(1) is equivalent to T(#M(2973) 

Ss, area of theoretical surface (ft2) 
XLE' Pelage station of root chord leading edge (in.) 

bs, span of surface (ft) 
PZN/PZW1, ratio of fuselage nose normal load to wing 
normal load due to angle of attack 

A, balance equation factor 

B, balance equation factor 

C, balance equation factor 

D, balance equation factor 

E, balance equation factor 

F, balance equation factor 

W0P, exposed wing panel weight per side (lb) 

KQ;, flap lift effectiveness parameter 

PZW1, wing flexible normal airload due to angle of 
attack (lb) 

PZW2, wing rigid normal airload due to flap deflection (lb) 

PZW3, wing increment flexible normal airload due to flap 
deflection (lb) 

PZW4, wing flexible normal airload due to vertical 
acceleration (lb) 

PZH, horizontal tailload (lb) 

n, airplane mass ratio 

Kg, gust alleviation factor 

APZHQ, incremental horizontal tailload due to pitching 
acceleration (lb) 
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TABLE 13.    THE BD D/VTA REGION 

Location Description 

BD(1) is equivalent to TC0M(2993) 

1-4 

5-20 

5-20 

21-25 

26-30 

31-43 

31-43 

44 

45-57 

45-57 

58-68 

69 

70-80 

81-88 

81-84 

85-88 

89 

89 

Array (YA) - subsonic (BCL^/K) table values 

Array (YB) - rigid loading table values (first) 

Array (YB) - loading at weight analysis stations (second) 

Array (YC) - rigid loading values at aero data stations 

Array (ED) - aero data stations fraction of span 

Array (ESS) - strip boundary stations (first) fraction 
of span 

Array (ESS) - weight analysis stations (second) 
fraction of span 

No. of wing outer panel weight strips per side 

Array (YSS) - strip running loadings (first) 

Array (YSS) - torsional loading at weight analysis 
station (second) 

Array (DPA) - strip alpha loads 

Flap lift center of pressure, fraction of wing chord (X/C) 

Array (DPF) - flap effects strip loads 

Subroutine FC0DM2 factors 

Array (T) 

Array (YX) 

PW0 - summated strip alpha loads to centerline (first) 

Summated AFW (1,1) - exposed rigid alpha loads  (second) 
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TABLE 13. THE BD DATA REGION (OONT) 

Location Description 

90 P^ - Pw- less half carry-over strip load (first) 

90 Suranated AFWF (1,1) - exposed flexible alpha loads 
(second) 

91 Sumnated wing outer panel weights (first) (lb) 

91 Ratio of exposed alpha load to total (second)  (dec) =1.0 

92 Atmospheric density (Rho)  (slugs/feet cubed) 

93 Factor (NB-I) - number of strips counter 

94 Speed of Sound (ah)  (knots) 

95-105 Array (ECP) - strip center of pressure, fraction of span 

106-116 Array (ULM) - running load at weight analysis stations 

117-129 Array (DXS) - swept torsion aims (in.) 

130-140 Array (LTTN) - torsional loading at weight analysis 
station (in.) 

141 Parameter K sweep 

142 Fraction of swept chord of reference axis, X/C 

143 Fraction of swept chord of center of pressure, X/C 

144 Swept chord (in.) 

145 Expression: 1.0-Ks (1.0-(X/C) of RA-(X/C)s of RA) 

146 Integral of Array (ULM) versus (Y/b/2) - tip to root 

147 KUZ, span-loading normalizing parameter 

148 Swept bending moment at body side (in./lb) 

149 Swept torsion moment at body side (in./lb) 
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TABLE 13. THE BD DATA REGION (OONCL) 

Location Description 

150 Empennage swept torsion arm at body interface (in.) 

151 Body nose load due to vertical gust (lb) 

152 Exposed wingload due to vertical gust (lb) 

153 Body carry-over load due to vertical gust (lb) 

154 Horizontal tailload due to vertical gust (lb) 

155 Parameter KPA 

156 Wing semispan (first) (in.) 

156 Horizontal tail semispan (second) (in.) 

156 Verticil tail span (third) (in.) 

157 Wing reference axis sweep angle (first) (deg) 

157 Horizontal tail reference axis sweep angle (second) (deg) 

157 Vertical tail reference axis sweep angle (third) (deg) 

158 Swept distance from vertical tail root to horizontal 
tail plane (in.) 

159 Gust load factor 

160 Wing inertial aeroelastic load due to vertical gust (lb) 
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TABLE 14. THE BU DATA REGION 

Location Description 

3U(1) is equivalent to "KJM (3153) 

1-60 

1 

2 

3 

4 

5 

6 

7 

8 

9-21 

22-34 

35-47 

48-60 

61-107 

61 

62 

63 

64 

65 

66 

67 

Data for wing flexible alpha effects 

Flexible lift curve slope 

X-distance from apex to total load CP (in.) 

Y-distance from CL to exposed load CP (in.) 

X-distance from apex to exposed load CP (in.) 

X-distance from apex to carry-over load CP (in.) 

Airload unit shear at side of body (dec) 

Airload unit bending moment at side of body (in.) 

Airload unit torsion moment at side of body (in.) 

13 load stations, percent span from tip to (£ (dec) 

Airload unit siiears from tip to centerline (dec) 

Airload unit bending moments - swept (in.) 

Airload unit torsion moments - swept (in.) 

Data for wing rigid flap effects 

Parameter KBF 

X-distance from apex to total load CP (in.) 

y-distance from CL to exposed load CP (in.) 

X-distance from apex to exposed load CP (in.) 

X-distance from apex to carry-over load CP (in.) 

Airload unit shear at side of body (dec) 

Airload unit bending moment at side of body (in.) 
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TABLE 14. THE BU DATA REGION (GONT) 

Location Description 

68 Airload unit torsion moment at side of body  (in.) 

69-81 Airload unit shears from tip to centerline (dec) 

82-94 Airload unit bending moments - swept (in.) 

95-107 Airload unit torsion moments - swept (in.) 

108-166 Data for horizontal tail effects 

108 Horizontal tail lift curve slope 

109 Parameter KH(B) 

110 YH distance from centerline to horizontal tailload CP (in.) 

111 XH distance from HT apex to HT load CP  (in.) 

112 Airload unit shear at side of body (dec) 

113 Airload unit bending moment at side of body (in.) 

114 Airload unit torsion moment at side of body (in.) 

115-127 Thirteen HT load stations - percent spantip to 
centerline (dec) 

128-140 Airload unit shears from tip to centerline (dec) 

141-153 Airload unit bending moments - swept (in.) 

154-166 Airload unit torsion moments - swept (in.) 

167-225 Data for vertical tail effects 

167 Vertical tail lift curve slope 

168 Parameter KV(B) 

169 Z-distance from VT root to vertical tailload CP  (in.) 
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TABLE 14. THE BU DATA REGION (GCKT) 

Location 
T 

170 

171 

172 

173 

174-186 

187-199 

200-212 

213-225 

226-357 

226-255 

256-285 

286-315 

316-345 

346-357 

358-403 

358 

359 

360 

361 

362 

363 

364 

Description 

XV distance from VT apex to vertical tailload CP (in.) 

Airload unit side shear at body interface (dec) 

Airload unit bending moment at body interface (in.) 

Airload unit torsion moment at body interface (in.) 

Thirteen VT load stations - percent spantip to root (dec) 

Airload unit side shears from tip to root (dec) 

Airload unit bending moments - swept (in.) 

Airload unit torsion moments - swept (in.) 

Data arrays for subroutine WFLEX 

Rigid load matrix - AFW(10,3) (lb) 

Rigid load CP(X/C) matrix - AFWCP (10,3) (dec) 

Flexible load matrix - AFWF(10,3) (lb) 

Aeroelastic increment load matrix - AFWDF(10,3) (lb) 

Unit loads and F/R matrix - F(3,4) (dec) 

Data for aeroelastic flap effects 

X-distance from apex to total load CP (in.) 

Y-distance from centerline to exposed load CP (in.) 

X-distance from apex to exposed load CP (in.) 

X-distance from apex to carry-over load CP (in.) 

Airload unit shear at side of body (dec) 

Airload unit bending moment at side of body (in.) 

Airload unit torsion moment at side of body (in.) 
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TABLE 14. THE BU DATA REGION (CONCL) 

Location Description 

365-377 Airload unit shears from tip to centerline (dec) 

378-390 Airload unit bending moments - swept (in.) 

391-403 Airload unit torsion moments - swept (in.) 

404-449 Data for inertial aeroelastic effects 

404 X-distance from apex to total load CP (in.) 

405 Y-distance from centerline to exposed load CP (in.) 

406 X-distance from apex to exposed load CP (in.) 

407 X-distance from apex to carry-over load CP (in.) 

408 Airload unit shear at side of body (dec) 

409 Airload unit bending at side of body (in.) 

410 Airload unit torsion at side of body (in.) 

411-423 Airload unit shears from tip to centerline (dec) 

424-436 Airload unit bending moments - swept (in.) 

437-449 Airload unit torsion moments - swept (in.) 

450-454 Data for subroutine SPABMF 

450 Wing total flexible alpha airload (PZW1) (lb) 

451 Wing total rigid flap airload (PZW2) (lb) 

452 Wing total aeroelastic flap airload (PZW3) (lb) 

453 Wing total inertia aeroelastic airload (PZW4) (lb) 

455-494 Previously inputed El and GJ arrays 

495-500 Are not used 
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TABLE 15. OUTPUT B0 DATA REGION 

Location Description 

B0(1) through B0(i8O) is equivalent to TGjSM(3653) through TO0M(3832) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Condition number 

Fuselage ID number 

P-N, body nose normal load (lb) 

Pyji» body nose side load (lb) 

Xj., body nose CP (fus sta) (in.) 

P7W,B./2, exposed wing panel load (per side) (lb) 

YW(B)» spanwise CP of exposed wing panel load (BL) (in.) 

)£.,_.., exposed wing panel CP (fus sta) (in.) 

^2BfWV ^0<^ carry'over load Clb) 

^Brwv ^^ carr>r'over CP (ft*8 sta) Cin.) 

P-^p/2, horizontal tail panel load (per side) (lb) 

Yirr,,  spanwise CP of horizontal tail panel load (BL) (in.) 

X-rr.,  horizontal tailload CP (fus sta) (in.) 

Mxv(H)i incremental unsymmetrical horizontal tail rolling 
moment (for T-tail and fus) (in./lb) 

PYVT' vertica^ taü *ide  load 

Z^j., vertical tail spanwise CP (WL) (in.) 

XL, vertical tail CP (fus sta) (in.) 

Nz, airplane normal load factor 

Ny, airplane side load factor 

2 
Q, airplane pitching acceleration (rad/sec ) 
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TABLE 15.    OUTPUT B0 MTA REGION (OONTT) 

Location Description 

21 

22 

23 

24 

25 

26 

k,  airplane yawing acceleration (rad/sec2) 

Wing ID number 

Yjjjy, wing-body interface station (BL) (in.) 

SZBIV» wiJ18 shear load at side of body station (lb) 

MXBJ^, exposed wing panel rolling moment at side of 
body station (in./lb) 

MyBW» exposed wing panel pitching moment at intersection 
of load reference line and side of body station (in./lb) 

IVing shears and moments at stations Y^A (1) through YWA(12) along lo«>d 
reference line: 

27 

28 

29 

30 

31 - 74 

75 

76 

77 

78 

79 

YWA C1)» first wing station (in.) 

SzivU)» shear at station Yfi\(l)  (lb) 

NL (1), bending moment at station Yw (1) (in./lb) 

MyA(l), torsional moment at station YWA(1) (in./lb) 

Station, shear, and moments in sane order as 27 through 
30, for next 11 wing stations 

Horizontal tail ID number 

Y^, horizontal tail-body interface station (BL) (in.) 

SZBH' horizontai tail shear at side of body station (lb) 

%BH* exposed horizontal tail panel rolling moment at 
side of body station (in./lb) 

%BH» exposed horizontal tail panel pitching moment at 
intersection of load reference line and side of body 
station (in./lb) 
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TABLE 15.    OUTPUT B0 DATA REGION (CONCL) 

Location Description 

Horizontal tail shears and moments at stations YHAU) through YHA(12) 
along load reference line:. 

80 

81 

82 

83 

84 - 127 

128 

129 

130 

131 

132 

YU4(1)» first horizontal tail station (in.) HA 

S- , shear at station Y (1) (lb) 

Mj. , bending moment at station YHA(1) (in./lb) 

My , torsional moment at station Y» (1) (in./lb) 

Station, shear, and moments in same order as 80 through 
81, for next 11 horizontal tail stations 

Vertical tail ID number 

Zßv» vertical distance from vertical tail root chord 
station to vertical tail-body interface station (in.) 

SYBV» vertical tail shear at vertical tail-body 
interface station (lb) 

%BV» exposed vertical tail panel rolling moment at 
vertical tail-body interface station (in./lb) 

MZBV» exposed vertical tail panel yawing moment at the 
intersection of the load reference line and the vertical 
tail-body interface station (in./lb) 

Vertical tail shears and moments at stations Zy^U) through ZVA(12) 
along load reference line 

133 

134 

135 

136 

137 - 180 

Zv (1), first vertical tail station (in.) 

Sz (1), shear at station Z (1) (lb) 

Mj-.U), bending moment at station 2^(1) (in./lb) 

M-A(l), torsional moment at station ZVA(1) (in./lb) 

Station, shear, and moirents in same order as 133 through 
136, for next 11 vertical tail stations 
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TABLE 16. INTEGER EATA REGION (NO) 

Location Description 

ND(1) is equivalent to T00M(4201) 

1-12 Integers 

13-46 Control factors (refer to Table 1) 

47-99 Are not used 

100 BFCXTL - Case number counter (NC) 

101 Integer Variable (I) 

102 Integer Variable (J) 

103 USPANF - N^EIGJ - 20 

103 BFCm - Punched card index number col 2-12 (IC) 

104 Punched card ID number col 73-80 (IDC) 

105 BF(m, USPANF - SIC matrix calculation option (IACALCS) 

106 BFCNTL, BNLDSF - Condition type factor (NI) 

107 BFCNTL, RERMT, USPANF - RERDAT entry factor (IR) 

108 BFCm, USPANF - (NF - -1) 

109-131 BFCXTL - Condition selection array (No « -1, Yes - 1) 

132 RERDAT, USPANF - Integer variable (I) 

133 Integer variable (J) 

134 USPANF - Integer variable (K) 

135 Integer variable (L) 

136 Integer variable (M) 

137 USPANF, RERDAT, BNLDSF, SPABMF - Wing position factor (IP) 
(Refer to note) 
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TABLE 16.    INTEGER DATA REGION (ND)   (GONT) 

Location Description 

138 

139 

140 

141 

142 

143 

144 

145 

146 

147 

148 

149 

150 

151 

152 

153 

154 

155 

156 

157 

FC0DM2 - Interpolation factor (N3) 

Interpolation factor (N4) 

Integer variable (I) 

Integer variable (K) 

Integer variable (L) 

O0DIM2 - Interpolation factor (Nl) 

Integer variable (J) 

Integer variable (JJ) 

Integer variable (K) 

Integer variable (L) 

Integer variable (M) 

USPANF - Repeatative operation counter (NT) 

BNLDSF - Repeatative operation crunter (NT) 

Integer variable (I) 

Integer variable (J) 

Integer variable (K) 

SPABMF - Distribution selector (ID) 

Integer variable (I) 

Integer variable (J) 

Integer variable (K) 
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TABLE 16. lOTEGER DATA REGION (ND) (OONCL) 

Location Description 

158 Integer variable (L) 

159 Integer variable (M) 

160-200 Not used 

NOTE: (-1) - fixed, (0) - VS wing tod,  (1) - VS wing aft 
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Section IV 

PROGRAM USAGE 

GENERAL 

The flexible airloads stand-alone program, BFCNTL, is designed to 
perform functions similar to the airloads module, BLCNTL, of SWEEP; that is, 
the program computes airloads on the airplane components for selected flight 
conditions. Punched card input variable data are generated by SWEEP. Opera- 
tion of the program requires the user to prepare a program control factors 
card and to set up the program decks. Punched card output data are in a 
format that is compatible for use as an optional input to the SWEEP program. 

PROGRAM DECK SETUP 

The program deck setup is illustrai ad in Figures 6 and 7. TTie total 
deck setup must follow the blocked order shown. Twelve subordinate subrou- 
tines may be arranged in any order, but the +.otal subroutine block must be 
immediately behind the main program deck. When only one case is to be run, 
the execute card must follow the last card of the DP data set. 

When multiple cases are to be run, subsequent-case data must be 
arranged as shown in Figure 7 and placed immediately behind the first case. 
The execute card must then follow the last-case DP data termination card. 

DATA INPUT DESCRIPTION 

An ND control factors card must be provided for each case data block of 
a multiple-case computer run. It must be the first card of each case data 
block. The format of this card is discussed on page  , and illustrated 
in Table 1. 

Data set BC follows the ND card. Data set BF follows data set BC. After 
data sets BC and BF are read into core, subroutine RERDAT merges the data and 
forms a new BC data set. The initial BF data set is not disturbed. It is 
necessary, therefore, to repeat the entire input BC data set for each 
subsequent-case data block of a multiple-case computer run. Data sets DT, DB, 
DF, and DP follow data set BF in the order indicated in Figure 7. 
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All of the variables in data sets BC through DP are in the form to be 
read by subroutine DECRD.   This subroutine and data card format are described 
in Section III.   Data set BF for subsequent-case data blocks of a multiple- 
case computer run needs to contain only appropriate change variables with a 
DECRD teimination punch in Column 1 of the last card in the data set, or a 
DECRD teimination card if there are to be no changes.   Data sets DT, DB, DF, 
and DP for subsequent-case data blocks require only the DECRD termination 
card for each set, since these data sets are read into core for the first 
case and remain undisturbed. 

PROGRAM CONTROL FACTORS AND OPTIONS 

The control of the program to obtain the user's desired options is 
accomplished by the input data contained on the ND control factors card.   This 
card is prepared by the program user and must be prepared with a great deal of 
care to obtain desired output data. 

A complete description of the data, locations by card column, and the 
options available are shown in Table 1.   All of the variables in the list are 
in integer form and are entered in two-column fields.   Single-character 
variables are entered in the second column of the field. 

Factor ND(13) indentifies the air vehicle class.   Factors ND(14) and 
ND(15) identify the wing type (fixed or variable sweep) and the vertical tail 
type (single, dual, or T-tail). 

Factors ND(23) through ND(27) instruct the program to compute loads on 
selected airframe components or on all airframe components. 

Factors ND(28) through ND(36) provide for the selection of the types of 
conditions to be computed.   Figure 1 and Table 2 show the types of conditions 
that may be selected for each of the 11 case numbers available for entry in 
ND(46).    Any condition type not specifically defined by the chosen case 
number, ND(46), will not be computed, even if the type factors ND(28) through 
ND(36) are entered as "yes. it 

Factor ND(40) is used to select or reject the punched card output. Since 
the primary purpose of the program is to obtain the punched output for use as 
an optional input to the SWEEP program, it would be expected that the user 
would always put a "yes" in ND(40). The factor ND(41) provides for a print- 
out listing of the data contained in the punched card output. 

Factors ND(44) and ND(45) provide foi the optional printout of FLXSIC 
and WFLEX matrices. 
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Factor MD(42) defines the number of stations and El and GJ values that 
are used by subroutines FLXSIC and WFLEX to describe wing stiffness distribu- 
tion. The ND(42) entry should always be 20. 

Factor ND(43) defines the number of chordwise loads strips along the 
exposed wing which are used in the calculation of tha aeroelastic loadings. 
The ND(43) entry should always be 10. 

Card columns 7 through 20 and 49 through 54 should be left blank. 

BC DATA SET USAGE 

A complete description of input BC data set is presented in Table 3. 
All of the variables in the list of inputs are in the form to be read by 
subroutine DECRD. Expanded explanations for those variables which might be 
subject to misinterpretation are in the following paragraphs. 

The following data locations need be entered only if a variable sweep 
wing in the forward position is to be analyzed. Applicable case numbers for 
this configuration are 8, 9, 10, 11, as indicated in Table 2. 

BC(2) 
BC(5) 
BC(7) 
BC(9) 
BC(25) through BC(30) 
BC(69) through BC(88) 

If a fixed wing or a variable sweep wing in the aft position is to be 
analyzed, these input data locations may be eliminated or, preferably entered 
as zeros. 

The following input data locations are not used for any input data and 
may be eliminated or, preferably entered as zeros. 

BC(58) through BC(68) 
BC(89) through BCC99) 
BC(126) through BC(136) 
BC(158) through BC(165) 

A separate BC data set must be entered for each subsequent-case data 
block of a multiple-case computer run. 
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BF DATA SET USAGE 
i 

A complete description of input BF data set is presented in Table 4. All 
of the variables in the list of inputs are in the form to be read by subrou- 
tine DECRD. Expanded explanations for those variables which might be subject 
to misinterpretation are in the following paragraphs. 

BF(2) and BF(25) through BF(46) data, locations need be entered only if a 
variable sweep wing in the forward position is to be analyzed. The applicable 
case nunbers for this configuration are 8, 9, 10, and 11, as indicated in 
Table 2. 

If a fixed wing or a variable sweep wing in the aft position is to be 
analyzed, these input data locations are eliminated or, preferably entered 
as zeros. 

Data locations BF(5) through BF(14) and/or BF(27) through BF(36) contain 
the dead weights of the 10 chordwise strips along the exposed wing span, 
starting with the most inboard strip and ending with the most outboard strip 
as shown in Figure 2. Data locations BF(15) through BF(24) and/or BF(37) 
through BF(46) contain the corresponding chordwise (X/C) center-of-gravity 
values. 

Stations along the elastic axis entered in BF(47) through BF(66), and 
the El and GJ data entered in BF(67) through BF(86) and BF(87) through BF(106), 
should contain values for the body side station, a station slightly outboard 
of the body side, and a station at or near the tip. Inclusion of these 
stations insures an accurate curve fit operation by subroutine C0DIM2. A 
maximum of 20 stations can be used. 

SB1IPERMANENT DATA SETS 

DT, DB, DF, and DP data sets contain all of the required aerodynamic 
data required to develop the lifting surface load distributions. These data 
are semipermanent (fixed data) and are the same as the data contained in 
the SWEEP program data bank. These data are described in Section III and in 
Tables 5 through 8. Data cards are in the format to be read by subroutine 
DECRD. 

OUTPUT DATA EESCRIPTIGN 

Primary output of the program is a deck of cards containing airplane 
component limit airloads, centers of pressure locations, and wing and 
empennage limit airload shears and moments at spanwise stations along the 
load reference line selected for weight analysis. The punched card output is 
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a format for direct use as an on optional external aii^oads input to SWEEP. 
The printout of other data is also included for visual inspection of the 
results of final and intermediate calculations. 

PUNCHED CARD OUTPUT 

Output punched cards list the limit airload data in an E-format to be 
read by subroutine DECRD in SWEEP. A sample printout of the data contained 
on the punched cards is shown in Table 17. Each card contains a DECRD array 
index nunber, followed by five decimal data items and the card identification 
nunber. The output data array is described in Table 15. The index number 
punched on each card corresponds to the location within the array for the 
first item of decimal data on the card. A "yes" in ND control factor ND(40) 
will provide the punched output data deck. 

Condition identification, the component loads identification, and the 
punched card identification numbers are assigned by the program and are 
included in the punched output deck for each condition. Component loads 
identification numbers also appear in the printed output. These identifica- 
tion nunbers described and located under "Punched Card Output," in Section III. 

PRINTED OUTPUT DATA 

Refer to Section III for a detail description of the print options and 
the printed data output, including the data of primary interest, the 
intemediate-step and diagnostic data, and sample printouts. 
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Appendix A 

PROGRAM FLOW (HARTS AND FORTRAN LISTINGS 

FLOW CHART US^GE 

The automatically generated computer program flow charts (AUTOFLOW) 
presented in this docunent include a table of contents, flow charts, and 
FORTRAN listings of all routines in the module. The 80-colimn card listings 
are sequenced and grouped by routine. 

CROSS-REFERENCE LIST 

The AUTOFLOW table of contents which precedes the flow charts and FORTRAN 
lists serves to cross reference the latter two. This table lists the following 
from left to right: 

* The card identification from colums 73 through 80 of this card, or card 
sequence number. When sequence number is used in place of card identi- 
fication, it is enclosed in parentheses. 

* The page and box manber whore this card is displayed in a flow chart. 

* The FORTRAN statement number from colums 1 through S of this card. 

* The card identification (s) or sequence number (s) of the card(s) refer- 
ring to this card (repeated as required). 

* The pages and box numbers where the cards referring to this card are 
displayed in a flow chart (repeated as required). 

FLGW CHARTS 

The flow charts produced by AUTOFLOW use USASI conventional symbols. 
Since the flow charts are mechanically drawn from the program source deck, 
there are no omissions or vague generalizations about the processing within 
the boxes. 
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Every box on each page is uniquely numbered and may be referred to from 
elsewhere in the program. The source of a reference to a box will be indicated 
by showing the page and box number. If the number is followed by an asterisk, 
there are multiple references to this point, and the others may be found by 
using the cross-reference list. 

•H 

The most-often-used symbol is the decision box. Like all boxes, its box 
number is above and to the right of the box. Its FORTRAN statement number is 
above and to the left of the box. The decision choices for the paths are 
printed. 

The unconditional transfer connecter has its page number destination 
printed above or to the left of the box number destination within the connecter. 
If there is a FORTRAN statement number at the destination, it is printed below 
the connecter. 

i, &. 

The exit box exanple shows a connecter from page 9, box 15. 

The subroutine call box includes the calling sequence. The page and box 
numbers of the flow chart of the called subroutine are shown on the left-hand 
side of the box. ^he page number is above the box number. 

IfiMMMUM, 
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The note box encloses comments of a functional nature, 

u 
M^MUM 

as differentiated from the 21 column comments, which a -e left justified without 
a box, that show the comment cards included in the FORTRAN deck. 

i.i>TSt!u 

The process box is used to enclose FORTRAN arithmetic statements. 

It • 4 • ■ 
f Ml « •*• 

I 

Input and output are shown as communicating with a device. The list used 
follows, if appropriate: 

/MNK M ■* / 
/«MMMf   / 

CZMZ^LZI 

The confuted G0 10 becomes a branch table showing the page and box number 
of each of the ordered branches. 

-L 
•WV' 
«  8:8 
 1  

The column connecters and initial connecters are the only boxes without 
external box numbers. The function of the initial connecter is always clear. 
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but the label given is the symbol in the next FORTRAN card, which is often 
blank. 

The column connecter identifies the page and box number to which it 
connects. 

«t 

DIRECTORY OF FLOW CHARTS AND FORTRAN LISTINGS 

Program or Subroutine 

Page Number for: 

Flow Charts Listings 

Table of Contents and References 173 
BFCNTL 183 248 
RERDAT 195 251 
nnCRD 200 253 
USPANF 202 253 
ATWS 219 261 
FC0rM2 221 262 
C0DIM2 224 262 
WFLEX 228 264 
FLXSIC 231 265 
GLSQ 235 267 
MATRIT 237 267 
BNI.DSF 239 268 
SPABMF 243 270 
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CMO 10 

t«i v camtmt mo icrtaoc« WtCrtOH CMMt Mt • VCNR 
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CMRI nat - moccoMt 

mann» t.M   «7 

manu» I.M 
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maiitu I.M 

VCNtM «tt   1 
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vanm I.M 
vanut t.tT   M 
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vanno t.M 
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vcxrj». tit   tl 

van»« III   t« 

vanm I.W   M 
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vaniM t.M   17 
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van in 117   M 
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vanno I.I« 

vanno I.I« 
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van IM 1.17 

vanin in 
vain« in 
vaniu i it 

von itt i.to 
van in in 
vanon I.M 

vanon I.M 

vannt >.tt 
VCNTtM l.tl 
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vaniM    i.n 

vantu   in 

vanm    « o» 

VOITttl »,M 

vaniM III 
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vanm «It 
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«.It 
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« Ot 
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«07 
«10 
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t.10 

».10 
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t.l« 

»10 
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7 01 

7.0» 
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•t/«»/n («LI 

(«0 10 MM/tU 

mcHtm I.M 1» 

rMiM 1.« Tl 

rcwNo •.I« T» 

mourn I.M Tl 

monm I.M »1 

montm Til n 
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rcMVM f.ll M 

VCMTWlt • U •T 

mamtt • 11 M 

•rcxr»!» 1.» N 

vcMnco • 09 M 

rom«* • «T • 1 

«-CMSM • M K 

vomi« I.M •) 
rcw»'» (.10 *• 
•rents« • 11 « 
vcNi«ta III « 
main» (.N •T 

von«« • 11 t 

«■cut»» • IT « 
rcMw • !• M 

rCNTMI • ■• 100 

r«LC or CONKNIt mo KTUPCCS 

•rCMTSlO        I.M 101 

•rcxtsu     til iw 

•rcNTii«     «oi loi 

•rcHnn     i.oi in 
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■rcHTW» l«.lt in 

•TCHtM« II. K in 

•rcMtoi» 10.IT it« 

•TCNTti« 11.11 in 

mc*i»it UK m 

ipinio n.n «i 

■rcNTVit II.«T 
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trcMiit 

t.lt 

t.lt 
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T.II 

rcNnn 
»CHN«» 

T.M 
b 01 

rCNIHM 
momtt 
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T.II 
t.M 
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5SS1S l\l •rcNtMt 
rent«« :.:: VCNtSM 

VCNtSM 
|.|t 
1.19 

•ramM tit trcNtMt t.it VCNTSM t.lt 

mamu t.i» 

•rCHtSM IS trCNtlTO 
trcNtti« IB VCNt«M 

VCNtSlt 
7.M 
1.01 
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mamm t.M 
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VCNTSM      t.lt 
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T.M 
t.m 

».it 
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II.II 
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II.II 
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itNmi It.M 1 
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til-« 
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CMO ID 

T«U er contuni mc wrcucNC» «trorioi cwan itt - renn 

c mnmmtt  HOUKC KOLOCC NO. *e PMC/IMI 

M.ll 

UWTOOM N.H I 

UVTMT« M.M I 

UVTMH M.IT I 
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uwrtm MM  T 

UMHMI M.ll   * 

MPTMM M.ll   t 
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UMflin M.ll   I 
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uwroMO M.U ■ 
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uvrotM Il.M N 
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u»ro««o tl.H It 
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UMTIIW n.tT SI 
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UVflTM n.M 
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uwriMO MM 
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UMTMIO M.ll 

UMTOH« »it 

usrrimM »li 
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UWTMIO M.ll 

iwrotHO 1107 
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uMrisis ti.n 

uMTisas ii.M 
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m fO»UIIIHII0«7HStAII0m0XiHK.OAOIN0 AT DATA It AT IONIWWWri.ll 
17 foumtciM iriT.si 

■ romATiimioiimitATiaNieiaHouri LomienHiiflOLOMiomrLAP INCKSX 

■mf.i.txMDr^ri.ii 

17 roitiAtiiM ri7.»,rii.».ri».»i 

M rantrnioswrii.si 
n romATiiMiraH«M.rtit/in««rAtiONiio«M.oMiKi-i 

M roMATiiH«miiiira>ia.c «.nucrrccTi 

17 roRHATiiMtiuiTHtioiD rup crrccn 

M rcmuiu^KnttrL» AtmcLAsnc INOWCNTI 

III rOMAtlllKISIIMMDCIiriA ACWXIAITIC  INCICICNTI 

ill        romATiiNOfniHMALTtii/iiMHirAriONtioimroii loosi 
IM        nwuriiH ri7.s,rii.iii 

in       ranATiiNoiiK7HSiAiioNio«»<.i>«iia-<wLrtit «AHONSI 

I*I        remAtiiHoioiriMTATioNigjiM» sec" 
■Hi rawAriiHri7.$,ri7.ii 

in        raXATUHtMiOMiiia n.c«iB.t ALMA p««cTcii(>i<Mw>ri.i,«»Nct.A-r 

l.li 

i*        foouriiHitxiMtioio FLAP OOM fMDfnmitMr-rt.t.irumwri.i. 

■MBNMt.H 
171        ranAiitHiiiiiiMciiotLAiric n.«* »M«cTci<s««>ar-ri.i.sit>ncri.ii 
in        ranAiiiHiixiOHAimcLASTic i»c»iiAPM«i€rt»vi«-iHcioHi-ri.o.Hi«>r 

m^ii.oKMti^v.ii 

in        rainATiiNni*oi<rorAL-ri.(.<i«imui|i-r7.i,<«'M)«uiii-ri.i.«>iicia> 
Hi*i.f//7xiMiK or Hot uNiTi//7<iHuuia-ri.9,<iaMui»«>ri.i.<iii 

IIUnM-fl.l//7M1HVAmilC (MIT OKntnuTIONt'/UMTATKIHIUUIll 

■»MMuiiKiicMMmiiii '•»«arT niOHiicinnHsiccp/1 

IM        romttiiH W7.ii.rii.i.irii.|i 
IM flWHTIIHimkMM  lAIL W«»CItl«MJHWf» I//T)nHCLA'ri.».H«6«H 

l|l-f7.».«lMwr7.i.Hlt>.tO«H.fl.J//7XHMJ10C Of MOT UNITl/ZTMHUI 

»••ri.i,«iaMUKii«-fi.i.«iiiHUMn«>ri.i//7iii7HiMmiK UNIT oismn 

UIIONI/'fl'- ^*A7«WUUMIfl«l(7MUniMI|l«I1IUnHIII/inHilCPTimMltC 

MMMMtMi 
IM        PeiMATiiNiixnmtiir TAIL MMi<TcmuMwri.if/7iMCTi-''i.i.«nM< 

vili<r7.i,«mi«uv>r7.f .■■iMCinM'i.|//7iiiiHTV or Mor WITS/ZTXIHU 
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ct • 
«t«M/IIXIJ • 

»iKixxij • inn 

*I<M<IIIIL • 
«IKKIIIL      IIJII 

I • «.'TIIJI   • 
II.    ■  »••YIIKI 

P9 • Ot'Tllll • 
«•tlljl ♦ 
CfTIILI 

COWUTID 00 TO 
roi   JJ 

IN »III 
IM <M.«I 
IM wi 01 

ir OUTIIK.tIC UNK 

I* 

If   WTUR   II 

»111—J 

<L • IM - 
llllll/lllltl - 

■lllll 
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«f tliu 

«mrviH CNMr KI - remi   rumitc «ULOM» M mmm    MM <■• 

ItMttCM« 

•MMION   «CMJIMl  .CIIMI       .«JIMI        .tICtMIII.MI 
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n/o/Ti MWiat CHWI «l - warn,   runnc MK.MM SA MOWMI     p«t «t 

otKif IIIU - «aMuiiic nniciticMi.«cioj.(i.ej.ca.iN.K.K.mou.>'iL(rii,m: 

/ awic / 

mit «uwoutitc 
convict ciinc wit 

So'ilCMi '"*'*■ 
Minouf IWUf OAT*. 
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IIHOtaMWLM 
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r« MIND ti 

«OOJli 

mran 
(tl.HOCIOJ.l. 

M.I.I. M 
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M I.I. 

ram (ic MINT 
ruKLMC flMIOM «c 
■UTT LI« COaiBINATtl 

ciNi • acn - 
■«.INItMl'll  - 

H.iMWI 

■Ulm 

tieriii • n • 
-;jrT«ciiii ♦ 

IUINI 

| tic Ull • «.INI 

«ica.ii • n • 

cantor tic 
COOM>IN*TH TO nc 
««»T CL«IIC Mit 
tTtran 

i ■ • 

PIS • I'M 
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IMQC* 
«IK« 

c KOIH 00 LOOP 
a N ■ i. irra 

iticrtmi - 
rS£*fll«C«NOC» • 
tlOLINIT     ' 

«•MINI • 
■ticrtiNi - 

ncAai><MX* • 
*ica.iNi>c«ac« 

IIMOI • i        ! 

MITCOUT S C 
COOROIMMC! 

IHTIIIT 
if icrs.iris. I. 

it.i.t. 
SH 

• IHIKUieiC 

STAIIONSII 

I iwmii 
isica..irTs.i. 

0 n.i.t. 
1 Mi 

IINOIBIIWIIC 
■UTT IIICSII 

M 
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s •unn 
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CMHHt TIIU 

«lion.» CMWI Kt ■ ircNrL    raiiac »I«.OJOS S* nmam     mx  «e 
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232 



I 

CWNt titu 

auwi« eMMT itt • maai   rit*tm.t AULOIM t* 
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CHKIt IIU  • MOM 

«/foriOH CMM «IT - mom.   rii«i«.t AIUKMIH M Mmun     f«« it 
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Mi Mi ■•IM.IM 

Hl t Ki|i*ClMll 

Mt Ki|«l«l|Mi 

MI M 7 MM.I«« 

«*• TKin-KU-Ml 

Ml Mi l-IM.!!? 

Mi • •Ci|l4Cil-(»i 

M» inieilant.i.ll 

Mi • M It KtT.M 

Mt II tClli»! 1 

Mi M 10 1« 

MI II M It MM.IM 

Mt it lc>ii-trir-M> 

Kl mitiftcimi 

m M II l-M.IM 

m IIKUi-iCM-tli 

Mi M l< l*l.U 

»1 1» Ki|i>fCll-M> 

m Klil INTIMI 

Mi «iMi-«<Tli 

in tCIMi-tCITOi 

in KiMl-Vim 

tit KitlKKiNi 

til II 00 11 l>i1.H 

no wtciii4rii<tti 

li* M IT l>M.M 

lit J"l»i-I 

IIT IT ICIJI-ICIJ-ltl 

lit tClMi-KUTi 

lit •CUTi-KltTi 

IM ICiM>-iCi«*i 

III 00 li KM.» 

Mi lilCMi«>l-l> 

m icivti-iri«! 

wioriCM CHWI Ml • trctiii    rioim um.»m u mx»m 

in 
m 
in 
i* 
m 
IM 

in 

».8 

l»l 

M 
».I 

».. 

Ml 

IW 

tCI'.t.-tCi'.Oi 

RwVMteiMi 

ici«ii-vi|i 

■Ci««i-ICIlt> 

M II IWI.W 

itKiH<irii<Mi 
oo to ftt.HO 

J-*-I 

M KUfKiJ-li 

ir(io>i«iiti.ti.ii 

tl M It l>H.II 

W tCUi-O 0 

W N K 

tl ruii-viti 

iciit»riM> 

•Cilli*iCiH> 

•CHOi-iCiMP 

tC'lti-tO«! 

I» IClMr.tf ill 

M n 141,17 

HKUKru-Mi 

M ini^iM.IT.M 
IT iniiTKiCKei'CotitciMi/^.ii 

•rilKi>iCiMi<t.0/C0tiKlM>'l7.|l 

M TO M 
M r<ii7i.ici«oi«coiiici«ti'iT.ii 

r<i*>i-Kii«i«i o/eoiitci<iii<i7.ii 

M tfill»'-0 0 

vmif n<riiiTi 

Viiit» uir 11iTi 

mmtc-n 

««OHIO» 

in 
in 

«m 
mrnuf» 

noun 

■mult 

«ao*i«i 

■MMIM 

««Ml» 

«»«IM 

««MIM 

•170 

MM 

«IM 

«KMtlO 

tw 
I« 

«»«it 

««Milt 

mmtn 
««Mtn 

««WM 

««Mf» 

««UiHO 

■■MISS 

««Mi» 

««Mi»0 

««MJTO 

««MiTS 

mmunc 

«■own 

«•0*101 

««OAIIO 

Jll 

«MMIM 

KMMIM 

«•0*1» 

««Ml» 

««0*170 

««Min 

«KMIM 
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mtpt/n tmn titiiw mmnm omt ui • •retnt    ru«iac *i«.e«i u < 

vi ini<aoii*ivi i if ■ jri«Ti jriMi .i0i«ti. .ti 
viit»<goii«ir<ii».vi«'>.v>i'>.>o«kii,.ti 

tO M I«I>|.IM 

V)ii-it.«iiin 
M VII«Mi*l(.Vimi 

vni»i-inii«)-«<iMi>/i«.* 

w ii i-iit.m 

li viii<«r<i-ic«r<i*i 

M it i«ia.i« 

mt i i«aDii«iv< i-Ni jri«Ti .vitTi .«««i. .»> 

■ vti«Mi<«ii«ini-Mi.vi«Tijri*Ti.wi<iti..«i 

>• roMMim «nmn.ti 

TIW ocaoivi 

m OIICWIM v< 11 .fiti.«in 

m Mt* mjmmt       i 
IM t «<OIS.I>ll0,lflNI.NH.SI.I*<Nl.lfl.lfl 

IM I rOMMITI.IM.ttl.yit.l.Tll.ltMl 

m iriuritim.« 

ITT II UU. CXIt 

I* c 
I7i (t iriiwiT.i.T 

c 

c 

• Miiiiil.li     iwmjt-i.io 

• rMMi/i« NO eca ijc«tiw.u.iMi/i 

«to« 

TOO «»i.* 

w • t« - I 

irKIMtl  - ■JNIII.II.I 

II iri*ii«>ii • aM(ii.i.i 

I III • KMIIWI • N - I 

VIIIII • tim 

t CONtlMS 

ir<ii0>t.t.t 
• «MM 

lite Mn«r uvrowi 
■i e       «ta« «.ME rumiutT «anuntc rat sccr n.                          uwrM« 

■mn c      onitc* fu«iKt HI« «O »IOIO DVOMMC r<ctem «0 wit muHHKnm 

•mm c       MfntiBniONi. nxxiiiiitT iicuact «au or *it«c«. ocncctco     UVTMO« 

Mi c       ru», «0 «ooiMtic iwatu crreci$.                                        uvroon 

•M CCHON fONKNMI                                                                                                               UWTNIi 

«•1 •iimiaN ioiiMi.0T)ai.niiui.vii<«<.»i7*>i.Kii«i.aiM>.MwrMn 

Mi lllil.KMIMI.WIMII.MIMI.Mni.Till«l.lClfl.CDI»l.mil|l.nilUVriMI 

«M •iii.»Aiiii.vriiii.iniiii.ii.4ncriit.ii.<firiii.ii.4nariii.si.ruvrMU 

<•• iii.*i.iii«jiMi.iiini.«jiMi.tcFiiii.uu«iii.miiii.utMiiii.vi«wrian 

W «Ml                                                                                                                                              UVTMIH 

«<* MuiMUKt lOtin.tccNiiMii.iBiii.tciMiiwii.iariii.icatiiiniiuwrMH 

««T i.icr<ii.tc<M<iiM>>.iiciii.fconi«»iii.>icii>.rcniim«>i.iaiii.iuvrMii 

««• «caiinsni.iidii.TCONinTiii.iiDiii.tcoHitntii.iiuiii.tcanijiMiuWToou 

«M ii,iwiii.teaMiMiiii.iviii.tcom«Mii>.i<ruii,ii.iui«iiii.i<ru»iuwrMn 
«it «i.ii.iuimii.i<nrii.ii.Kiiaiii.i<narii,ii.iuiii»ii,irii.ii.iuiuiH'M>i 

•11 •»■•.•.iici«jiii.viii«ii.iciiii.v<i*»>.iojiii,»'ii««ii.ia«.aiiuvrMis 

•W Mii.ivt.a<i<iii.iT«ii.«>iiii.imii.a><sii.iTC<ii.«>iiiii.icoiii.usrroeM 

«II «)iMii.<miiijDiiiti.i*tiiii.Mi**i>.iomuii.miiiMvriii.BuwrMTr 
«I« •ITIII.ICCVIII.Minil.llt.NIII.MIIMll.lWtlll.MIIITII.IUtlllll.HMM'MM 

«n »11111,iw.wimii.iiMLCt.wiiiiii.iNatiej.wiiuiMii.wiiiTii utfroo» 

«M (ouiwLtict iir.ioiiHii.ii.ieiiBii.ij.iociiiu.iii.wiiyiii.ii.iouvrovio 
«IT iiin>i.iH.ioiiaii.iir.wiiiTii.iM.ioii>.«ii                             MPrwti 

«M M I  M.tM                                                                                                     UVTMM 

«I« I •Ullfi.l                                                                                                          UVTMW 

«« «t.l                                                                                                                    UWTMM 

«tt iricm-i.iii.i.i                                                              m\mm 

Mi • iriCMi-.«i«.«,i                                                                  uwrnn 

«il 1 Mil».«                                                                                «wrM» 

«i« MM*                                                                                                             UWMM 

«n «wiii-OM                                                                      wrim 
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>n «ItCriOM CHKtT VT - rCNTl     ritalMC MKttM M HWMR 

•Kl 

C «MMK •« rMbMltR. 

• Mi i fcaointmif ■ .oxti .o«i»i Mt. .ti 

MWf 
• lflCIM-l.llt,t,f 

TMl*l-l.l 

«rat 

• WKKM 
• iriNt-«iit.if.it 

C Ml« M*.«*!«. 

I« «IIK«l)«l0N.DIItl«lllll.lt..fl 

•ii«i**:n«i 

irimw.ii.M 

c      HIN» VMIMU »ur no. 

II 00 I« l-».ll 
MMUNMlMn 

ooini-«iOii<*.o 
ooiMxacim 

00 II ■•l.ll 

II OUII«tl^CIIOO-ll/iOII<ll 
oo ra IT 

e      MNoruao« «MMOU accr art. 
n oe it i-».n 

it Miii^eiiMti 

Mfl<ll>«CI«*l<t.O 

■MMl4tfM 
to it l-LII 

10 0UII<tl>tCltT-ll/|OII«l 

ITKIItl*!.! 
Mlltl>«l*l/Mll*l 
MIITI^ei«tl/|tll«l 

Oditi-tCMiittnii 

uwroiN 

UOWOIN 

0110 
•II» 

uwroiio 

vmim 
uvroiM 

uvrim 

uoproino 

uwroitt 

uvroioo 

OIM 

uwrom 

uvroiTO 

uoorom 

uwrtioo 

Mproioi 

iwroi« 

0109 

rofit 

roti» 

vm 
»Tl 

»It 

»»1 
»». 
»n 

»TT 

vm 
«it 

<wci or tr. 

it tiilKooiivicni.aiiti.Ofi»ti.it..ti 

iron-tut.«.» 

■oiiMNTa. i«ii fMocnot. 
It lil«l<«CIII7l 

IOItl<«Cllltl 

MITKICIIIOl 

toati^ciltli 

00 H I'lO.ll 

to aiiii*ciMt>ii 

toiiiii«ciiai<t.o 

IliUKiwuwmii 

toutfteiiai 

00 II 1*1.II 
tl 0UII>IIS>4CIIM-ll/llll<il 

tUlllt»l.t 

to ra«t 

«OTICA TAIL MMCTCM. 

« tO«>l<«ll«l 

M<S>«llMl 
ttlTI^CIItl) 

■MaHKIMH 
10 tl 1-10.11 

tl H<li<«Cll«l*ll 

l»ll«l4CII«Tl<lt.O 

Muti^tKi/Mini 

ttnti-aciitoi 

Mt« 1*1.11 

M tUII'IMt^Clllt-IKMIIOI 

•JIIMlM.t 

tlllt><«Ollt>t.O 

ti inciw-i.oijt.n.M 

OUtHNIC «RO 0*1«. 

M Mllt>««IMillMiMitl<iril-lI .O-Ml lln/iO 

ittn i .t«iiti<*ti i<tT.i 

imii^nimim 
«unmic KL*/« uou wim. 

t*t 

uvrom 

uvrosio 

larrom 

UOPTOIN 

iwrono 

UtWOIl» 
uvroyio 

uoprom 

uvrtMO 

UOPTIIIO 

uwroi» 

mwo»« 

uvrviit 

utwonit 

tinini/iuirrmto 

ut»ro»tt 

uwroHM 
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tmm 

tit 

tu 
•it 

•ii 

Mt 
•it 

•it 

•IT 

• It 

•It 

Mt 

HI 

Mt 

MI 

Ml 

•W 

•17 

»I 

•I 

imit tuti« 

Mr? MA 
■•l<l<tH 
Ml I Krcttnllttl Itl .MlMl .Ml 11 .Ml tl .OtiK > .rt. .•■ 

IT MWI 

MIIIlt.MlHIIII.Ml Itl .MUH.MlMl 

itiitiit,niiOTiii.i*t.ti.iMiii.i-i.<i 
iriHr-viM.it.i» 

c      mw titio at. 
MMIItl<«eil«IMIIIl.ttltl.»,ii..tl4T.|/HIII 

MIIIl^.lll 

M It IT 

V MM 

untcit.ui 
mnm 

M 1-ltT 

winit.iii 
e       (IVCMUCC tin cumc «.otc. 
■ •UIIKOOWtlMllll.DTlll r<,ii..tl*tT.|/Mlll 

c      «aMNic ictc/cicAvi TMU v«.m. 
ITl-t 

to m I*I.II 

■•IH.>II 

HI I I^COMltf l Itl .ttlMl .Ml 11 .MlTl .MIKI .T.«. .11 

Ml«.*! 

M n «t 
c       umnaiK «u 6*1» 

m Hiiti>«ii«i<«RTiniti"i-i.ii 
Miiti-faiiiniti"t-i.ii«i«iinisiiT.ii 

e      «KIHOHIC iti/wti TMLI IMLKI. 

L*t 

M «t l-l.lt 

■•K«l« 
Hi 1 KctOMtiniMi .MI iti .viti .on 11 .armi .t.t. .ti 

«t iKom 
MHICIt.lllMlltl.Mllll.Mllti.Mini 

MIIKlt.«tMOIlll.l-l.tl 
iriNI-tKll.W.Ilt 

ill Wlttlt.lll 

M ra «t 
W «ITtlt.lII 

« Tt «t 

«•Miinit.iti 

«• t«ltClt.»1lCI»< 

>l 
IM 

l«l 

«• iiiiiiit.i4iiniii.i>j.«i.oriii 

>J«I 

MIMI 

1.4.« I 

irii-«i«t.««.M 

e       iMOiie »t «m Dor» IIMIONI. 

M 10*1  M.« 
l*ll-ll«»l 

•1 TCiii*cnti«iniiii.eiisi.«tai.<..ii 
KltKI.I 

irim-tiw.u.iii 
M ft 

M «I M.« 

UCOIIKflll 

mti-i.t 

« re M 

t» L-l 

anft.t 

nm • t»» 
nm-i.t 

M Mlinit.MlCI« 

MIITCIt.^TllCDltl.TClll.l'I.LI 

irmr-tiM.itt.iN 
c       MIW trait nucmi tTAriaM. 

M «illi-l.• 

jutonoM aum Ki - »ata   ricmtii mtioiot •* mt*m 

UVTMIt 

•It 

til 

UWTMM 

UVTMIt 

UtPTMTt 

uttrMTS 

UMTtTIt 

UMTtTIt 

UttrtTN 

uttrtTM 
utwrtTW 

uwroiso 

UMffMl 

UMTtTM 

UttrtTM 

uttrtnt 

UMftTTt 

UMTtTTt 

UttftTN 

uwrtTts 

tit 

•It 
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mi9>m Mfvr utiiM «utonw CMRI UI - trcNfi   mnat «IKMM «* mmm 

M* IWIW4»*.* 

•?i oe w \-t.m 
vm MintiKUn-ii-iii-fHiiaMii/tOKni 
•n c      «nip LBieiw M TO «lew *nu crrtcn. 

%n B»M i-i.j 

•« M rMllXteiMtlCUlll.CO.lK.l,.*! 

»n c     «mir wt «MID «NII «IM (men to«. 
»1» «OlOft.» 

•1« «0 «I  l«t.J 

•«• y«ii-ii<.«>t(Mii-ii-fttii>>-irnii-i»mciii 
«I «I ««■««■••OIMKWIMI-II 
«H e      Meirr ownowiimir is« M)Ma>w.iii. 
in «oi««i4o<««i-.i>CPwia«ii 
«•» »um'i>'.%tnum'i< 
mt «tu I-».J 

«M «I »*ll-ll<OPAil-li/KcMl 
««7 irici«-i.ti*i,ti.u 
«M c      itnnaiK aw «IOID. 

«N «l«OIIOi<«(ll«l'«Ol««l 

«M C       iBOirr a* «I«I0. 

Ml •• •OII«l«««ll«r<«OlWl/«DiMl 

K« c      riiiT CCLUM ■«<»«• «no wwicc». 
«■I «0 00 ■•I.« 

«H lirHII.IKVAIId «OPT«««« 
«« «■ <nc*ii.ii4(iti vmmm 
mt c      «IOIO omir IO<OINO gut TO a» KTUCTICN. wprioM 
MO MI|T(l0.00ia«,««l|l wriooo 
IM MM 1*1 .J MPTIOM 
«M TMiii^eoaMinoiD.MiiTi.oriMi.ornoi.ariiTi.lo.ii,.«t uoprion 
Mi «■iii<reooMinoiii,Hiioi.triMi.oriioi.ariiTi.IO.II..01 uorrion 
OM imnio.oTinoiii.miD.TOiii MPTIOM 

on c      «T «ioio ru» otrucTioN IMMOCHT. iam«Mi 
«M «Miii««niii-i«iii i«ri«H 
«M MWITtlO.MlTMcll IMOTIOM 
•M e      COWUTC or mm wnutino tmi« LUM. IMTIOM 

on «UI«II«O.O varrian 
«M MT« |<t.<l MPn«T0 
•M OWll-ll-.lMCStil-n-CM IlMll-ll«««lllll MXri«M 
«i« n Mi«ii<«ui«ii<<«rii-ii u««ri«M 
Ml M Tl I4.J iwriow 
•I« Ti o«rii-ii4«rii-ii/«ui«ii MPri«H 
«ii c      «KSM cauiM m «u «e <ncr lumen. IMTIIN 

•i« MiMi<Mii«i«ci«ii.ariii.Gri«i.i..oi Mornn 
«II 00 7» l>I.W IMTIII« 
«I« Wmtt'l IMTIIII 
•IT mm.iftmti MOTIIII 

«i« n ir*fu.t>-m»n> MPTIIM 

«I« c      mt«« cat««« IN/ifu «e mcr wmen. uvrim 
MO irii«i»i.n.w woriiM 
MI n J.IM uwrun 
■M MTOTI IMTIINO 

Mi «• >M iwrn«! 
M» «MWlX.« vmili» 
«M M IN l>I.W IMTIKT 

•M »I'J MOrilH« 

MT IM MI«ll>MI«ll<MlKl UOOrilD« 

«M MWfl.M IMTIIM 

•M MI«J WOfilN 

•M HNOI« MOfllM 

m irmi.n'-ociKi/Mioii uprnvs 

«H n mtnt.tfttmt uwriiM 

«M            c      CIWUTI OTMMIIC «RNMC. KICCNT or twomto«. «cciu •n.o.uwrim 

OM UU *TNN IMlOl.MIOIl.HINl.M'Vin uwrii«o 

«M MilTl.,«<«Dl«H>l«Oi»il"»M(»lil0l"»i UMTHH 

«M Mll«l>lnTI«M.<MMTll IMTIIM 

«T MiOll'I.O VMfllM 

OM IflWllVIIIIO.IIO.IM «wriiM 
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•»'»>.■!          iirui iisiim «norioN CHMI KT - vom,   runimx UMMOHA mtdim 

einem           ••'• canmt                                         •••• 

u* IM iriMiifi-«ii<i«niat.iit.iM uvrut* 
M ii« w in i«i.«f imrim 
•ll IflVlMMI-flUltWKllllM.IK.Ilt vwruvi 
•M iMcmiwa mrim 
mi icitn-* writ« 
iM w to IN uwrin« 
•<• lit IC«.CI>I wriMt 
tw in wsKkfta wriwi 
•IT HKI tmrum 
ml CAX mDM MPrim 
•i« wu iru> i4rM.<ncr.<nr.intr,r.«tiej,ci,«j.Mii«i.nii«i.Mi«iuwriii« 
•M i .nif i .Mit» .•»■•> .«siti ,HI 111 .mmi .mi id .wti > ,MI HI .«tinjuvritii 
Ml f.M>l«ll.lC<LCVM>lV>I.IOI>>SII UMTItl« 
Ml c       cowwc traip cr SIUICM »o ruxifcc aA. uvrm« 
Ml «KMl-OO UMTWIt 
M> MINl*«.t UWt'lZM 
Mi cc*ia>ii*.fnii*i umriut 
Mt 00T7I.I.H» MPTIIM 
MT MIUl*»-l «MTUB 
Ml Cepll>*5(l»l-.»"1I.«HBI151>/»IMPHBC«31'1I.0-»SII»H/B>(i|>.l      UVTIAO 
Ml MIMI-MlMl'inil.ll M^riM 
M* 7TMIMl>MIHI>«WII.II UTTlOt 
MI ■iiii4iii*i>iarMia«ii««iiMi>/iir*iw<ii>«iMii MPrim 
MI c       count mitum MXM. UMO. i«wiMt 
MI c      ««i iruniac «jtwirrteii. vmttm 
tm t      M<t imaie ruf trrtcn. MFrim 
MI c      »•! in.* «miMfic itciDOiri. umritn 
MI e      MA ii«ciiiu<aiaa.Miic iNacmTi. iamaa 
MT Tl 00 fa m.d.U.ISI.MI «WIM! 
Mt 1 «•! IMTint 
Mt iijnw«ii<OFiuia«ii/n<i«i lamnt 
tit MMI'I.M «MTIIM 
t7i >W»I-I uvriioj 
t» H iunii-<rurij.ii<Miwii/ii.i-Miisii vmrnai 
•71 M TO M «miit 
•*• ti ic» larriiif 
•T» u.Hiia«ii-cmia«ii/Kii«i urries 
nt oo M I-I.W M^TIMI 

•77 Jf-l-l UMTIMT 
t« M IUIIII><ni(J.fl>Ml<Ml/ll.(-Kll«ii UMTIIM 
•71 oo ra M tvrim 
•H noomi'i.m IMVIM 

MI >w>i-i iwrivii 
Mt •■ u.Hiii><riarij.(i>Bi<Mi/ii.i-«iiisi) UMIIIM 

Ml 00 10 IT IMTim 
M» ISOOMI-I.Hi IMVIMt 
tM xa>i-i «triST 
Mt M ULHin-fMrij ii*ai<Mi/ii.t-Miisii iMriat 
MT IT ««I IMTIMI 
Ml ULNllCMfO 0 «MTlITt 
Mt c      comm «err FOMION «•■ <M> raniauL IOWIW. uMrins 
MO M tBll»li-t 0,ll.»-OSIll>>-Slxi|Sl7i/»7.J.'COSitSl7l'57 IP/dSllil'lUSWIM» 

MI II.KMIIIIII MrriMi 
•M tDiii*i-«siiti'ii,«-to<(»iMii.o-t$ii»iii utprias 
Ml Mii«*i>i.l-Mii<iii*ii.l-l>iili-Miiwn uvrino 
W> OOMM.W UMTiai 
•M jtm>i-i imrtnr 
Mi mmii-irucnj.ui'ii t-mii*ii'ii t-trtcnj.mn UVFIHOO 

MT Miimi-ii.i-ccriii*ii.t-«iiiMi>niiii>cofiniTi/«7.ii/Mii4«i  usrriin 
tm oniiKMu'MxiMiioii-toiiMii iMriHit 
Ml MUI»«I>-U.NIII«O»CII uwri«n 
TM m%im'ifoai>*fiKn>mi<tnm'uitiii*i'%imiini'n.ii tism>n 
ni uTMcia>ii-u.N»a>i><on»a<ii uwritn 
ft t       ociuniic LMOINM « HI m«L«llt ittiiOM. uvriois 
Ml «in Kit iwri<Mt 
i«i m< ■■■•.• wriwis 
•m Jf'l UMTIMT 
Ml MM lit.ll tmrtis» 
MT iriWIKti-Mlltllll.W.M Mm«« 
Mi M ••>ll*CMI(«l|UII>ti.(Cr.lLM.J..Il uwri«M 
Mt TMl|l<0OII«ltUII«tl.CCy.UfN.J..«l UVTIVM 
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I 

Mtt/n HMI iltllM 

»1» mnm 
til ti wiimuMW«i) 
If «WllfUINII»'!) 

tl» «cemiiu 
»1» winit.Mi 
Mt Ml* I«».«.«. IMl .NT 

fW » IMIfClt.Ni 

tl» W 10 IM 
tl« m MlltClt.tTI 

tl» «0 TO IM 

»0 m MIIKlt.Ml 
»1 «0 10 IM 

m iMumiit.ifii 
«I IMMIIIIIO.ttMWIKai.iaill.M.III 

m mitcio.i«) 

■m wiKi«.mitKMi<«i.rMiii,i»i>iii 
Wt C         CONMIt MaOHLItlM MCT« ««4011*11. 

Wf M TO IIW.ltt.IM.ll I MIT 

at ■«■•« 
«t M TO lit 

tM Itt nto 

til M TO 111 

tM IM K-MS 

1» M TO IIS 

tM III KMII 

1» IIIMIIWft.t 

tM 00 II* ■•«.II 

tit II* MII*«t>MII*«l<.t«l«Vl|«TI-«Uil««IIM1«l|-ll*1«lllt 

tM Mll*tfl.|/«D<I*«I 

m/unm CMNI KI • ram.   rueitit AIMAW U mmm 

MM 1**1 

MMI*« 

LWri*M 

MMI*M 

iwri*M 

MMIMt 

utniMt 

UMTIMI 

UMTIMI 

UMFIMO 

UMTIMO 

UMrilM 

UMTIMS 

UMTIMI 

UMTIMt 

UMTItM 

UMflHI 

liMri«*f 

MTIMt 

MMIMI 

UMTItW 

UMTItM 

MMItM 

UMTIMI 

UMTIIM 

UMTItM 

UMTItl« 

UMTITtt 

iwrim 

UMTITn 
UMTIT» 

UMflt» 

C UNIT MMilK 

■HKI-t.t 

WWHIMt.t 

•UIII«MI*«.t 

M II» l-».ll 

»IW-I 

•IINI4UI»-ll*.»*MIII*7l>l|ull<tl-«VII<«ll<IMII-ll«1»llll 

Miii>ili4um>i«M.»>Mii*i>iBiii«n-«uii««ii«i«uiii-ii««uiNii/catiuMri*ii 
IHItl/tt.ll UMTII*» 

II» IUIII*MI««Ullk«ll<.»'MII*7l>IMll«tl-«U<l<«ll<ltMII-ll«rMI|l>   UMTIIM 
IT<HT-«lllt.llt.llt UMTI1H 

IIIIM-lt UMTIIM 

M TO II« UMTItM 

lit H-K-l UMTITM 

C         «CM. laCHI. «0 TMOUC AT MOT UK. UMTITJS 

II« ■UIMI<WIWIMII»l.«Ulltl.tUIII«ll,l«..»l UMTIIM 

MII*«)<WIMIMIIII.MIIII.IUIK«l*l.lt..»l UMTItM 

Ml KtxCOOIWlMl III .»'I lil .IUII(««tl.l«. .»• UMTITM 

■MH*ll40ll*«l*CMIMItl/»T.II«MII*tl'«INIHItl/»t.ll UMTItM 

•UIIMI40ll*0l<CniMIT)/»t.ll-MII*liniNIMltl/»t.ll UMTIIM 

C         CMMHIK M OT TOT«. 10«. UMTIMI 

■ll»-*)*Mlltl<M<III-l|UIK*M)<CniHltl/»t.ll-«UIIC<ni««INIMlTIUMT 1010 

l/»7.1ll/«UIK»l«l UMTIIII 

C         IMMD 10« TCP JO0 «T. UMTIIM 

■IIN-II4II«I<«UII»«II/«UIIII UMTIMI 

Mlill-«l4llltl>«lllll<MI*l<li««Mltl'«t.II-«Ul)l>«l/|Uini UMTIIM 

C         CMMHIK O« «T OMnOVCH LOW. UMTIIII 

WIII-ll>Wlltl<MUtl-ilM<»MI-Mll*tll>CMIHItl/»T.II-l|UIK>nuMTII>lO 

l>-MII*«l-MI*l««UIHl/CMIHl1>/«t.ln<«INIH<tl/»t.ln/llUIM«ltl-UMn«>i« 

MUiml UMTIMt 

«Tin« I UMTIIM 
ITIHT-*ltl.ti.||« UMTIIM 

II» ITlirit.t.lM UMTItM 

C       IIMMMC eitmituTiaa omn. uMrilti 

IMM II* 1*1.II UMTIIT» 

lflNT-«ll*l.l«.IM UMTIMt 

C         NM TAU. »TATIOHI. UMTIMI 

Ml «.l.ll« UMTIIM 

M TO IM UMTIIM 

C         VttI TAIl ITATItM. UMTIMt 

IM «•LIT» UMTIMI 

l«IIMlll-«UI«l UMTIIII 
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I 

•»'•»/n iwut iisiiNo                                       «iioricu cwrn «T - ircNTi    ncmiic »inooo» u Hncmm 

CM) NO ••••                                                           CSNTUTI                                                           •••• 

«i c       imwucc mcio IOJOINO. uvritit 

Mr in *Miii-coeiivicstiii.to,ic.L..ti uwrim 

m wirtii.im uvritn 

it« ifiNi-tiiM.i(7.i(7 uvritis 

IM mwiun.jji uvrivii 

im oo to m uwri»ft 

■mi \n mitcii.isi ummo 

Mi IM K-,it(io.«i)icssii>.mm.i-i.in uvrifH 
m c       iMtcoKAiioN or CWCMWOC LOHOINS. uvriMO 

no «iis«i-o.t tmrnm 

MI oo in i>t.ii vmttn 

Mt in toii«fi-toii'<«i«.«>'Cs:r!-ii-cuiiii*iTnii-ii«Titiiii uirntM 

Ml irccw-i onli.iio.iio uwrino 

MI c      orotucL sunnomc LIFT cunc ILCK ICLW m crtvi. uwrim 

Mi IM iriNT-fiui.iu.iK uvritio 

Mi in tuiiMi-tsiititoiiHH uvrin* 

M7 oo ro ill uvrnoo 

Mi i» tuiiiTi-tsiiei*K)ii«ei uwrnn 

Mi c      orvtuoL o« Mcr CICIXMIOK. uwrnio 

tM III IDI|i||l-«.0'll.O-iSlllll-SIN(iSlT>/97.Il<COtlC'>ITI'<7.ll'IISII2l'IUVr20IS 

■i ii.Mtilliii uvrio» 

tW BtHtKWiMKil.l-KlilltiMl.t-MiMiii uvrion 

Ml Mlloll-Hlll'll.O-tOlloll'il.o-Mlllll iwrnio 

to» B<i«ii>i.o-mi«ii>ii.o-Kiiii-Bii«tii uwrnis 
MI nil<ni-ll 0-KII5M<I.O-milMI-MllOl>COSini7l/ST.II/tDl|iill    UVritMl 

Mi iriM-ii »i.iii.iis uvrnfi 

to? i »i »i i« uvrmo 

Mt oo TO t . uwrm« 

Mi i» »in uwr>oeo 

tit c      CIVMUOC ox »cfp »T nor iNit«r«t uvrzon 

tu i« niiMi-Biiwi-imioii-miHrii UMTOTTO 

tit DO 119 1-1,11 UWTMTS 

til «MI» i uwriMO 
ti« iriBiii(i-Kiis>>ii7.ii7,i> uvrzo« 

0 5 c       cwtwuoc o> MCP iwo or nor INKIF/ICC. usrraito 

• li U7 0XSCIl-SOII50l"OSI]5l-OUI«ntSll'.l>SINI«5l71/57.31 MWIOOS 

•I? oo TO in utmioo 

tit c       cmwuoc o« sccr -«I'JO or too< iNrcuracc. uvrzin 

tit in oaiii-imiHii-tDnoiiiMi oiurKj'M o-t5<iiiii>isiio>'cmiisi7iuspr2iio 

MO 1/57. II UVr2ll5 

ni in CONTIMJC uvriin 

Mt WITIIIJ.OI unrtm 

Ml iiiiT(ii.i«iiic$siii,Dx5in,■•I,III uwriivo 

M« C          CSTMLItH tirtWIOCC  UNIT SPMIIK OlSTIIItUTICM. uirrnti 

M5 DO 115 l-I,ll UWrtlSO 

tn iriNT-oii«2,im,i«i uimi95 

M7 1W >ltlfl uwriiH 

Mt oo TO I<H uwrtin 

tn I«I j-i«in uirrti7o 

tn c       MaouLit LOWING. uwriiTs 

ill i<n rs5iii-r55iii/Bii«ei uwrnoo 

tit c       vamiic UNIT «cw. uwrun 

ill iuui-*ju-ii>.5'ics5ii-ii-cssiiii'in5ii-ii<TS5in> uvreiw 
t*l C           V*HIV INIT KICtNC HOICNT. USfTJlOS 

tn •uij'in-tuij^iii« St5ii«i-it55ii-ii-issiiii>iiuij-ii>iuijii/co5iusrri2oo 

tn ini7i/57.ii uitrum 

ni c       VMIIIC UNIT romioN. uirrtno 

Mt IX5 iuij*ni*iuij-(5i- 5-lC$5il-ll-t5Si|l>«lYt$ll-ll'0«51l-ll>rS5lll>DU5H'»l5 

tn Mil in mrrtm 
Mt c       tmmtu UNIT »II<I.O«OS AT too» INTCOTICC uwritn 

Mi irmT-tii«a,i<(7,m7 uvruio 

Mt IH« i-m UMTNn 

Ml «'in uirrifio 
•n 00 TO lit UWTK05 

M« i»t i-iu uvrino 

Mt K>IM UWrM55 

»i7 e       mti «o tMir tww. uirrino 

»It IKt iUIII>e00IWli5ll5i,tUll>7l,iullIl,l(,.Sl UWr(M5 
Mi tuii'ii-tuiii uvrnTo 

nt e       UNIT «en KWINC KMCNT MJ TORSION uvrttn 

Mi Kii«t»ci»ii«itsii5i,tuii>7i.tuiii>iii,i2,.5> uwrano 
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M/*'T| iwut mnia mien.» aum ui ■ warn,   nttitu um.CM» u mac»m 

cm m •••• coNttNTt •••• 

tl III .Kl) toi .miH'ttl. II, .11 
<U C         «ML« UNIT «CFI HOWNrt INTO MOT »YltC«. 
m> MllMKWll^lKOIlMlTI/IT.IKaililllfmililTIJlT.ll 
m «lll«ll>«ll>«l>CMlMlTI/tT.II-«ll<«l««INiniTI/«7.ll MWIMO 
Ml c      tmmtts ctHwn or ncuur MWIMI 

m jriiir-«ii<if,iM,iM uvrme 
IM l«IIUIIIIf«Ulltll>CniMl7l/*T.II4ullHl>«INIMITI/lMI WHIf 
HI miinii-tinititnin-*itiuiKonKiii'Vii'miiininmmiii'iimfrtua 

m i.ii iwrnn 
MI ifusinniii.iti.iu uvrtm 
Mt IM IUI|MI-IUI*ltl*C0iiniTltT.il4Uimi*«INIMlTI/|T.II UWf«» 
Ml •Ull1ll-MllllaMll|l-IUlMfl>CM<MlTI/17.SI*IUIfl|l1INlH<7l/f1UVrf*fO 

M« i.ii uwrn»« 
MI «re IM tmrma 
m in inwiisiiiw.iw.iu uwrtm 
mt IM ir»ei*7iiiM.iM.iii uMrmo 
Mi in irivr-i.iii*i.i*>,iM UMTIMI 

MI is» NT* umty» 
tm M TO i vmnn 
«Tl IM HT.T UMTIMO 
17» M II I UWtM» 
171 IM iriiOinilll7,IS7.IM uwrtiM 
IT» ii7 iriwiniiiM.iM.iM uvrm» 
•71 IM rrilOlMIIIM.IM.IM umtwo 
•M IM iriieir7iiiii,iii.i7i umnm 

m e      MINT uiw ficioos «c wir IMNIIK oistmiuiiow. uvrrne 

IM IMMII7I>I,<| uMrmi 
IM M TO iiii.iH.iii.il«!.i uwrnn 
MI in MITCII.ITHMIIOI.IUIII uwrrin 
Ml .Ml UVrlHM 
Ml Oil WPTItM 
Ml « TO IN UMFIMI 
M» IHWinil.lTilMISl.lUllll.Mllll UWIMiS 
Ml >W 
Ml »U 
M7 M TO IM 
Ml III WIIIll.lTSlMlll.MMOl 
MI >IM vmrnit 
IM «-IM UMIi«7S 
Ml 00 TO IM UMT»« 
MI i» «iTrii.iniMiii.Miti.Hiioi uMrw« 
MI >->». imrntu 
Mi «-.M 
Ml 109 l-X 
HI MIITCII.I77llUini.N-J.l.l 

117 M IM L-I.ll UMTIIIO 
HI -M.«« uMrmi 

HI IM Mlini|.l7lllU(LI.IU<lll.lUlll«IIl.lUlH«MI UMTim 

Ml 117 CONTIIU uwrnn 
MI iriiriiM.iM.iii uHrnM 
Ml '.M iriWinillM.IM.IM UfWfSJS 
Ml c      MINT MI TAIL r«cTom me UIIT tnmi« onmiiuTioNt. uwrnxo 

i*> iMMltftil.ll|iaw.iWili.l>iH.lKM uvrnni 
Ml M 110 L>III.II7 UMTHM 
Ml )K>il uvrnos 

117 170 Miirtil.i7iiluiii.luiMi.iuiioiii.iuiN.Mi uvriMO 

Ml iriiei<li>iN.iM.i7i WWMI 

Ml C          MINT «IT  Uli r«I0NS «« UNIT IPWUIIC OlSIdHUTIONJ, UVTHTO 

III 171 MITCH,IMIC)M.I|UI|I.I>II7.I71I UWTISTS 

«I M ITII.ITS.IM UMTHM 

«I NH.>II MWIMI 

«I 111 llllTt<l,l7IIIUlL',IUmi,IUIN>ll>,IUIH>HI UMriMO 

•i« in <nm uwrMM 

Ml li rom^. 'HiiomSAMiut« rnon KL*/« TNI,« rat ««•ri.<),i»HM-ri.iuwrioM 

III i.I».«M«rf7..,- J«>«A/icfl,m UMfMM 
•17 MroM*TiiH07»iT*»)rio.i//iinrio.ii UMTMII 

•II II fOMUTllN'llalMIHINOII MWMII 
•il nroMuiiiH'iwiaHiioi uiLii 
Ml N rowuTi IH'SUIiMi«*r uaii 
«i m rm»tumntMifri<t.n»iiii*7.<i,n»»*f.H,nimi*iMi MPTMM 

HI «t riWUTIIM07IIJHTII><lflO.II uifrion 
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I 

»'•t'Tl »MT utriw                                      wtoriw owm Kt ■ vcMi    n.itim.t um.oto% u mamm 

CM NO ••"                                                                 CtNltNTt                                                                •••• 

NI <iircmuitm\tt*mii.ui%rmm 1.0101m im.tiKmm*t.ti              MWTtm 
N« <tranMiiMitnrit.t.iiM«(«i«».ii                                          uwmvt 
Ml HrwMfiiNiiwiMuriminiNH.O'«!« *i MUiTMiONmiMtHrt.ii  uwrtoso 
M t7roMkTiiMiri7.«i                                                               uwrtm 
m MraMitiiHiinMit«TioNi«i«aurtioioieiMNii«)LeMiiw««'L» iNcmiiuvrteie 
Mi isnkrt.i.UMr*«.!!                                                            MMJMI 

Ml 17 fOIMtllH flT.l.rH S.fll.»!                                                                                   UMIMlll 
MI HfowikTiiM^iirii.ii                                                         uMmn 
Ml M WWWllWWMfmWfctlWKWWWMMWBMMMW-l                         uwrNH 
•H MroiuriiwMxitrLCaiaj üLMMirricn                                      u»imi 
•ii irroiMriiwiuiiMiioiDrLiip crrccn                                           umwcm 
m M r«mTiiN*iuMin.<p «MUMTIC INMCICNTI                             uMnm 
Ml in f0MwTiiH>iwM4iicini« <ciioo.iifTic iNcincini                           uMfim 
Ml 101 ra»i*TiiMMK»«N<ty$ij/io«»«t»iioH»ii))MMiomoooi                       uwniM 
•n II« raiMtiiHriT.i.rii.ii                                                         uvrim 
m in racuiciMiMiMiiAticNioiinN.oiioiM-iwiiLnif (»TIONII               uwnno 
Ml IM rol»«tllM010«7MHAII»l01«K)« JKtPI                                                            uwrnii 
*>g im ranktimriT.i.rit.ii                                                            uvrtiM 
»i in ronwiiiMitmoÄin« at«i«.c «LMAPMArcTcmHiiMM^i.i.iiimcLA^uvriin 
•4 11.11                                                                                                                   UMfllS 
•il ifi rcMutiiHiuMMiioiD ft» DOM mMicitiit>iiiMr-ri.i.>intMr-ri.i,uvniM 
•N IOOMI^I.II                                                                           uvrim 
»,« in ranMimii«MCMCi.«Tic rt» MM»cii»»«»«f*i.».'.«»wriHUSWIIB 

•M in ran*TiiMii«MMiicmLMtic iiciiiiAPiiiwct(ii*i<MciOHi-ri.i.iiiaMnivrii«i 
»T iico^i.f.oaMHfi.ii                                                              m»r»i»i 
Ml in foi»utiiMOex»««ioi«.-fi e.mc6MniiiJ.f7.f,>i«7iei»«iirfi J.sx-M)«iiiwr»i« 
Ml wrm/nimKiOL or men uNirt//7ni«jui»ri.i.<i«iHiima-ri.i,<i«uvriis< 

Mi m*»m*-t*vm-MSHHHit will oitTiiiiunoNi//«i»«ui«iMiuuiiiuvrii<iT 
Mi »iimwwiii'nHMirMiii.'iiBimcPtiiiraMttniBMBccp/i                 uwraisi 
Ml in raMiTiiH ivT.v.fif.s.irii.ii                                                 IWTIIM 

MI m raiuTiiHii<i«MM UIL WWWKWMMWM rt.iwiiwcmw.t.'aiiMWtm 
«k iiiK7.i.»ii»iwfT.i.'iinii>m n.ii/mm*m or HOT iMiTt//7Mwiii«misi 
Ml tiia<ri.s.<iiaMma-ri.i.<iaM«m«-ri.]//TiinanMiiK UNIT Dismiuirriis? 
Ml «)II0N«//«<»«TA7«1HUSiHlll«-»*t«HI|ISIWU(m(lll-l)OHSiei,fll«MSlCU5Pr«H» 
MT «cwaiMtr/i                                                                     uMnm 
Mi no romtTiiHiunmnT TAIL r4iu*cT[iiMiMtfri.i//Tmcn-ri.s.miM(uvriiH 
Ml iviii>r7.5,»«we.'v.r7.i.<i«wex>«i.i//7xi7nioP or nor iMiTt/znaMuuimiM 
Mi fir«i>ri.s,<iiaMun«vawi.i.«aiumKi.i//Tiimi^iMiiK IMIT Ditniusrrin? 
Hl MUT lOWZ/IIXITAnlHUiTVIl lOXTtUKVIImilTHlVVIII /DnHSltPI IDOHStUrTtlU 
mi «arsiOHMCP/i                                                                    Mwiin 
MI oo                                                                            imimm 
tu «JMOUTIIC ATMOI IM.»O<.PH.JMI                                                ATNOOOIO 

Ml rO>l«.IIN9                                                                                                      AIHMOM 

MI nao-owiTMin                                                                     ATHIOOIO 

MT no-III.HI                                                                                                     ATMMO«! 
Ml 0O*I>.ITi|0»l                                                                                                            ATMKMM 
HI «•ITII.mtT                                                                                                                       ATHMOM 
IT! «■«■9HII                                                                                                               ATHOOOW 
in iriH-aiu.iM.«!.«!                                                           HMUM 

n M «-I.i                                                                             IOOMIIS 

in na<«ii.Mi                                                                       woMito 
IM nBH-.OOMIII                                                                                                       MOMIM 
n P*MC>I«.IIHS                                                                    MOOOIW 

in 10 TO IM                                                                                                         MOMIM 
ITT HO iriM-KM l»!.M.M                                                                                            MOMITO 
in «I 0i>M0M.I«                                                                                                     MOMIM 
m im-ntm                                                                     MOMIM 

HI rt«C>I.NI<iTl                                                                                                MOMIfJ 
Ml 10 TO III                                                                                                        MOOMM 
Hi M iriH-IMM.iM.U.M                                                                                   MOOHII 
HI MOO-KWI.                                                                               Mmm 
w> na-m.Hi                                                                       MMHII 

HI TWH-.MiiiNt                                                       mum 
HI PMC-.MNXOI                                                                                                MOMISS 
HT 00 TO 100                                                                                                 Mooono 
HI M iriN-ITIM.IIH.TO.TO                                                                                        OOOOOtU 
•M M WIIVIM.I                                                                                                     M000I70 

riAOC-oiT 

M TO III 
n iriM-Mooo.im.io.M 

261 



m/mm i iitii« «ufviou otMt Ki ■ rcMi   ru~ia.i «laoam t* mußm 

n thiiw—* 

um 
MM 
IMt 

ItM 

l«»T 

ItM 

MM 
Itll 

MM 

III« 
»IT 

IMT 

tO I* II* 

IM •HVM/lMWl 

mi n«iiiMi'ti 

ir—iot/im'i>fM> i •■«.Mt muvmt • 

JHM«.MIITT1Mlin*<> 

»01 HBO^M'WB/IWUWI 

M 10 IM 

ll*tHHKW/IIK<Mt 

Wli — 

WN—WNin 
aMt.VIITT^lMTimil 

■oi ■nowi'im/ii'O'iwii 
IMKIUM 

IM 

ntCTIM rtOCMIK.r.XI.TI.ZI.NI.MI.ltd 

no OIIOSKM cunc rii —wwi 
UUHOKOUEMX 

I • rCCSNMX.T.II.VI.II.Nt.lC.IKI 

I • MUCMI -  IST KMIMU 

tu 

>t • mutt or itr > 
Ti ■ Mur or am • 
II • «our or nc 
Ml • «0. Or POIMTt - TI 

w • w. er toiNi» - m 
« • O0  IHfUtV«.   IHTDVOLATION CONim. CSNtIMI 

OIICWIOH ■» 1001.NDIMOI.II III.Till >,till >,Tltl.TXI<il 

touivauMz iBni.TcaiiMnii.iwiii.rcouiiMiii.iTiii, 

llllll,MlMll.lHI.MIIISll.lW>.M)llMll.<I.MIII«Oll.ll(.M 

«oiinrii 

IM iriNi-tiiio.nt.i» 

IHM • I 

M • M 
M TOHO 

mm •% 
K    • I 

n iriTiim-TMM.iM.iM 

0 • «•! 

irin-iiiim.in.iM 

M irw-IMS.IM.IH 

n «i 
M lOMO 

IM irill-Wll10.IM.IM 

M M • m-i 

M TOMO 

IMIO • 1 -t 

MO M Mt I • I.M 

1 •IKI-iltC «1 

mil • TliMl 

nii • cMiMii.ii.niii.M.ioci 

M n • M>I 
rcooM • coeiMiT.n.r.M.aii 
■MM 

Bioni.iiraDooK 
iitiu.it.rcoMim 

noaiiM cooiwin.ti.Ti.N.xi 
eatai ICOIIMMI 

OIICNIION winoi ,■■ 111 .TI 111 

cauiwuia i>oi 1 ■ .rcansni 11,1111.101 lom ,1 j.toi i<ni 1, 

III.IK.IOI|««M.ll..lOllS7ll.<>t.KIII>lOII 

H • I 

CMIMIt 

cMion 
l4J.M>ll<itCMI0tI<l 

ceoiotn 
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WM/n mtwieu cttfin KI - renn,   runac *I«,MM »» MOOMN 

llil 

UM 

IM 
im 

im 

UM 

1H7 

na 
UM 

im 

im wt 
int 

im in 

in« 

im 
MM 
MIT 

im 

im 

IIM lit 

11(1 IM 

II» 

im 

■ IM 

im 

im IM 

llff 

im 

im 

im IM 

im 

n« 
im *M 

im 

im «II 

W • N 

ir i «I-» i m.m.i 

l • Timii 

li* ai • ( 
■«•    Ctnil« •  ITKNII-TIIHI-lll/IIIIIIIII-IIIINI-lll   • IM-IIIMI-IU 

I fllMI-ll 

MW W 
IM  ir i lim - «iit>> iM.iM.m 

IM   M IK J • l.«l 

ir I H • llljn IM.MI.IM 

IN   CCHIIMC 

M T* IM 

m M IM J • i.m 

ir i «lui - H i iM.no.IM 

IM   COW INC 

IM   Hl • H 

■ MM 
IM  ir i j -1 i m.fio.M* 

tll   J • I 

JJ • I 

M 10 MS 
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iii.iMii>,TC»iiitnii.<Kii<.rcoHiniiii,iiuii>.rcflniiiuii.iioiiiM.Droi« 

t.(caiiMUii,ii«iii.rconi«Miii,irii,ii.iuii««ii.iNi,M>iioiii.iir,iM.oroit 

MiiiTii.iNr.MiiiMii.ii.ioMsiii.u.ieiiwii.cn.MxiUM »loroii 

«■((■•to puriM 

KLIcriON or UIMS «t». rui it* or tx u a., wm. me wr MEIOMI ONLOTOJS 

iriiru.i.i M-orow 

I muftcmt M.oron 

MKi-KiMi »urovo 

itcii-tciooi mjcrnt 

00 f l-iOl.lli 

ilWiiMMiiiKieiii 
M TO t 

itnnHKisip ■urois 

•nn-ocKOi ■uroia 

tmi-ici*.! «uron 

oe « i-«T.ii «uroM 
»«"iip-tmii^cin •urm 

iNTcuroiATc or MM ro* «cr. COITUTC rountx me rtcran * to r. MUTOM 

ll-ICI]TI*Kllll/l|.l<ll 

M.oro« 

■urioo 

•urios 

•urno 

•unit 

•urin 

M.arin 
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■coriM 
lie»IIA TOT«. «I«L0«S    OMJriHO 
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Mim-.fuMiiiciiiixi/iMiii-iuiiii 

Hili«l.0<llliii 

Mii»«i<i-«iii-iui»<«i«i«iai(i-ici 

I«ll0li>lll 

MITl-MlO-IKfl-IUlHl 

■|lll-Mil>-tt>tl-IU>)Ml 
■llfl>«l*<-Mi|l-IU«>OHI 

unoi-iiiji-ocnjii-ouiiui 

COVUTC moio ri*. urn  n». me <no 

Mll<ll<aiSl>ISll(i<IU<il>-«<lll>MllTl 

■iiisi-luiiii>nii«i>irii.iii-i.o> 

Miiii--(.e'Miii>'«>«i*irii.<>i-i.ei 
ra* M cow. can't OTIM QOOT WO trrcctue ituo r<CTaii INI«|I 
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• ■iini«-iiiiTii«iii«ii.oi'iiuiiiii«iciiiii-iiitii 
■ini<Miii-t>in>/nMi 

«TOO 

THlMi-OO 

NlfOl>«i|i 

cowuic nci JLWA. HO* Mil, me HO' NOK TOT«, »IKLOAOS 

I ••lill>-l||iMi>l|i|i<HilOi>($il«i<liSiTI-ISIIOIl>nilSi*ii|i|i 

ifiii>i>miii>iifiii-t>iieiii/iniii-Kisi*niioii 
•iiiTi*tiini««iieMiiiii-miii«it>ii-Kii«i-rii9i-M>iii 

HilitMitKHnIi 

IOi<l<IClM>*KI|Tl-KlMi'l|.l«l*flCilll<'ll 

■eilll>.f<fillTl 

•OII)»Klllll«IU  

amm mm me HO* TML AIHIO« ricTom ro* ir«r. 
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lUlilHl-illlll 

■il«ll»Mllll 

•car iis 
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•«.oriTO 
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MM.Or200 
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HI|l>.S>IMllll4Ulli«HM«l'iUlMi>ISilSi'IUIIB(l>Ki|(l<«Ul«NlM.0riTO 
11 •cartTi 

ieiTi-.S'iMiii>'«uiiiiuiii«ni|i>>*iuiMi>iuiiii>Hii«i>luiiuilM.oriis 
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leil*»lMll|l>lMl|l>IUl(i»MII«l«lMlil«kllU>>«Hlltl<lHitl«MM.CriM 

IUlMt>l<MII«l>lMltl«(«iO«ll-t.«<Mlfl<tOI«>>'Ml«l MXTMI 

ieiiti«iiiiii ■urn* 
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■»ll<llnlMl.M«Ollll<tOllfll MUriM 

•eiiti<«ii«ti<iuiiwi MUTIM 

■oiiti'oo ■urw« 

•OiNi't.l 

Mitt»«.« 

to TO iii.t.t.it.it.m.Ni ■uriM 
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* Miltl4il|i>W<ll/ll«.l<BllII<tUlll>Mlll"tl M.0r»0 

iriaiiii-i.tiii.ii.il ■ur*i» 

it niit».M'«fiit</it.i«MiiiM ■urm 

to to it 

n Hiit»Hiiti"i.oi/it.M>n>iti"i.eii 

ncKXNt«. LOWS ouc to • «cat ouit. 

I« ■)ll«ll>«lltl<«CiNl"t/M«.l1tl9 

Ml IS»i-. lOOWitSi ItltUltltUi 11 •Ml 11 -Ml 1*1 

Ml lUl-Ml IH>M I .l-IUI«l l/IUIII 

MII»ll>.IN»><M>ltl>tUMMI<tCllltlaMll«l 

M«CM( HON or LOWS KM - «nt oust INI>II. 

iriMi-HK.ii.it Mjrm 

i) oo i« Mti.IM murtt» 
I« tOcll.-tocll M.or«ot 

It H<II>-MIIII«MIISCI<MIIUI ■Ur«0T 

Ml 171^51 Hl»tOll»ll MUT«!! 

vcttic«. outt iiciiti*r<cTom. Mjroit 

Ml ltl>IHItl •Ml IIKHI ITll/lMl I l-Ml Iti l •LOTil« 

Mlltl>Mllt>40lltl ■t.or«it 

■Olll«M<ll<Mlltll M.0r<M 

MlMl>lMlliMM<ii-Mltl»Mll|lalMi(l-MlI>-IUl{ll>Mll1l*KlMM.0r«n 

»'•MllTi'MllOil/llt.O-MlllI Mjr«N 

camm cowotcm lot*, «IOLOIOI ran vtniicat oust coxiitioM.      M.or«io 

Hlt».t'ltU<tl •«! lll«tUi«6i'tSi l«l>tUlltII'Kl Hl'tUl«0«i ISi ll>IM.0r«19 

II MUTHlt 

tom-tsi Hi'tsi IHJ.|5I ui«tsi 1*1-1 O'tom M.or<ne 

HIIII>.t>Wll7l tK.0r«HS 

Mil«i.««i  lO'tOMIi'tOiUn Mirot« 

IUl«tOi-M>l|l M.or«M 

KI>»t|i>Ml|t> MJriM 

•ui«»ii>Mii7i »tor««» 

M to It ■COTNTO 

tAttM. OUIT C«.Ca*tlON> HUH UEC-M m 1NIMI IN.0r«1t 

It M^oWillM'MiltltClMi"! M-DTHM 

Mll«».IM]9«tUlltTi<«CllWl>Mllti IW.im« 

iriwiitiut,i7.it M.Dr«M 

BML VCIIT UIL. •».Or-.M 

17 MUSl-Wlltl't. •UrtM 

it tontKiuiiMi •i.orso» 

t0ll*i>l«0i<.i.t0i|51i/Mlli »Lorsio 

Wltll-iMl«i>iMl»-WiSil-tr.lSl<iMll7l-Mltlil/irai«iMt.l        MLOrtlt 

00 TO «I «LOrMO 

PITCHINO «ccttriUTiON iNi-si. tM.orsn 

itMiniHii7i M.eriM 

M TO ti «Lorm 
TWINO «CCCLCMTION IWtl. »(.orvto 

M Hllll>-lMltlaMl«l<lt.l/IMll7l-Mllll tM.Or»<S 

MUtl-iUIIMI M.0rMO 

«01 Iti-tOl Hi/MM l , Mjrwt 

Willi-Miti ■UTMO 

II Mlltl-Mlll M.cr«w 

w iri«iiiii«i,ii.t« M.VI7« 

«I inwiniiM.n.i« mt.vvn 
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l«IItl«.«7ll|0lll.l-I.»l MLOTMS 
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IWUI ilStlW mmnm aunt Kf • tram,    rumac *m.<uM %* 

coHtmrt •••• 
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■ur*it 

MIIKlt.Nxtoin.l.«,«! 
IMIIIit.M>Miti.«0<lti 
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M.tl MjrM 
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l«»l.t.—»—W.t.lWW»«W.tJW»M*l.li ■i.orvii 

«taMuriic »«r » 
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OIICMI« Mini.Kcitsi.iooMi.miMi.fuisMi.ieinoi »i 

MUIWUMC iKiii.icaiitTHii.iMin.icaNinuii.iBiiii.fconintiiri 

iii.iMiii.reamiiHii.iioiii.Kaiiaaiii.iMiiii.rconKiniii.iir.iMPi 
(IIITII,liD.M)ll»ll.>I.NDllS9ll,IJ.iailMll.lil,M)IIS7ll,ll..l«llWIIPi 

ti.m.wnmi m 
DO If 141. IM mi 

■ Will««.! 
iriwinm.i.i 

i iriwmiiit.i*,« 
C «f UP MWCTCn 10 00 Ml« I0«i. 

* *>iii<-mnvmiiti 
mttnumt 

tit 
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OIH 
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row 
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1001 in IPK.i,« 
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1010 MllMi-.«««Ul*MI 
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MM ■•M 

Mtl M TO n 

MM c      i»^ oioie n.» trncn. 
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lOIH HllMl«.«<«UI««ll 
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MM «MO 

MtT M TO n 

ion c      lo-i «oorKOTic ntr trncn. 
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MM MIIMl«.«<«Uli>HI 
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MM »M» 
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•»/H/Tl IN*» lltfl«                                                   WWU 

cmw • ••                                                          COHTtNtf 

IUI «MM 
MM c lo-i «Mcutnc iwntuirrtcK. 
IUI • 10* 

MM Bl !«»>•.«tUKI«! 

IUI I«« 

KM Kill 

IUt « fOM 

tmt i« ifiwiniiii.ii.i* 
mi ■ 1  hllOiMiM*.I0.lt 

i** c ■r v HMiigm«. TAIL »«MCTCM II»«I 

MM If 10"^ 

l*M ■a>ni-«<is»M<ij> 
IM ■0I»>-KIII7I 
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IUT mumt-mtm» 
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IM* 
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!•* 
00 II Ml.It 

L-IWO* 
00lll<tDII«l>0UIII<ll<ll/C0l<BllSTI/97.Il 

II l-IO 

■ •II* 

>TT 

«•IM 

•0 TO» 
i» iriioitiMit.is.it 

It iriMMtTIIII.I .1« 

KT UP VtiniM. TAIL MUMTOS. 

I* •OlltOl-«t<IS»**ll>ii 

wnni^ciiMi 

iriieiitiiiT.ii.i* 

fiwu «anic«. T«1L. COMIOC* IMTIU-VM W* TML «.««. 
17 10-7 

«0 TOM 

OIWl «OTIC«. TAIL M INTM-VW HM TAIL B.JKC CONdOCICO. 

I* I0H 

ooii»i>.n>*aiisi 

«0 T0*l 

T vnTiCiL TAIL, MO* uii n.uc »t von TAIL TI*. 

I* I»« 

H *0llMl-«0ll5l 

tl ■OlIWl-II.tCllSTi 

tDilS7i-«Cllfll 

l«t 

COM Ml.I* 

L»IHI«IB 

00 H.I-*0CH»1'*UI««I7JI/C«I*0C 1571/57.11 

a fft 
■ •171 

>ll* 
«•ItT 

iriio-7iM.n.«9 

fiNou vc*t TAIL oca ir HO* TAIL n.oc AT/OUT*O or TOP or H 

II iriOCilMI-KIIWllM.I«.** 

MPT «TATim or n* TAIL n.«c. 

n KllMI-«CIIMl/C0tl*D<IS7l/S7.ll 

Mfntcmic MM TAIL io«o crrcct AT MOT iNic*r<ct. 

M millI<*OII<II 

tftmiu crrccT or Msmaraic HO* TAIL LOW. 

oo M L-m.iTt,. 

iriie-TiH.M.*7 

IINOLC «t*T TAIL.  CtCCK  IT NO* TAIL PIMC AT/OUTB Or STAIL-tl. 
M iriMIIM>-MIL-tllM,l7.t7 

INCLUOC irrccT. «LUATI ro* t TAIL. 

17 iOlll-WII<>i<CMl*OIIS7l/t7.ll 

•OlL'll-BilHi •JlmlOc 1571/57. Ji 

M COITIMC 

t€1 AIM.OWS AT 0007 INTiar«!. 
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•OIJ«! 1-Wl.KI ■•■»IWllUl M > 
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